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® Methods for preparing antMiypa rtonal vo age nts . 

® A plurality of methods are disclosed for preparing 
compounds having the formula: 



R - A - S - (CH,). - CH 



O 

.i. 



where n=l, and fl, is methyl the -CHrCH- moiety la In 

I 

CH, 

the D-coofigurat*on. These compounds are inhibitors of 
angiotensin converting enzyme. 



m wherein 

a* R fa hydrogen, formyl. acetyl, propanoyf. butanoyl. 
^ phenylacetyl, phemHpropanoyl. benzoyl. cydopentanecar- 
bonyl. ten-butytoxycarbonyt. cydopentanecarbonyU^ysyl. 
* pyro^Hgiutamyi-L^yayl. L-rysyi, L-erginyi or pynM.-gluta- 

■ my I: 

- A is p henytaiajwl. aianyl. tryptophyl. tyroeyi. gtycyl 
toleucyl. leucyl. hiatktyl. or vatyf. the *em!no group 
9 thereof beJng in amide linkage with R; 
Q Ri is hydrogen or methyl. 

5 „"» *• L-prollne. W.4«lehydroproline. D.U*.4-dehydn> 
^proline. L-ahydroxyproline. L-Mtydroxyproline. L-thlazo- 
> »W»ne4-carboxylfc add. or L-^oxo^lne. the imlno group 

0 

k thereof being In tmJde linkage with the adjacent JL. and 

■ n is 0 or t. such that when n is 0. R is methyl, and 
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METHODS FOR PREPARING ANT I -HYPERTENSIVE AGENTS 
BACKGROUND OF THE INVENTION 
Angiotensin converting enzyme (pepti dyldipep tide hydro* 
lase, hereinafter referred to as ACE) occupies a central role 
in the physiology of hypertension. The enzyme is capable of 
converting the decapeptide angiotensin I, having the sequence 

AspArgValTyrlleHisProPheHisleu 
to an octapeptide, angiotensin II, by catalyzing the hydro- 
lysis of angiotensin I f s penultimate peptide bond, and there- 
by effecting the removal of the carboxyl - terminal HisLeu. 

The symbols for various chemical entities are explained 
in the following table: 

ACE s Angiotensin converting enzyme 

Ala = L-alanine 

Arg = L-arginirre 

Asp = L-aspartic acid 

Boc = t-butyloxycarbonyl . 

Bpoc = 2-(4-biphenyl)-2-propyloxycarbonyl 
Bz = benzoyl 
Cbo = benzyloxycarbonyl 

Ddz = N-a,a-dimethyl-3,5-dimethyloxycarbonyl 

Gly s glycine 

His = L-histidine 

lie = L-isoleucine 

Leu = L-leucine 

Phe s (--phenylalanine 
Ppoc = 2-phenylisopropyloxycarbonyl 

Pro = L-proline 
APro = L-3 ,4-dehydroproline 

Ser = L-eerine 

Trp = L-tryptophan 

Tyr =: L-tyrosine 

Val = L -valine 
Angiotensin II is a powerful pressor (blood pressure 
elevating) agent. In addition to its direct pressor effect, 
angiotensin II stimulates release of aldosterone which tends 
to elevate blood pressure by causing retention of extra- 
cellular salt and fluids. Angiotensin II is found in 
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measurable amount in the blood of normal humans* However, it * 
is found at elevated concentrations in the blood of patients 
with renal hypertension* 

The level of ACE activity is ordinarily in excess, in 
5 both normal and hypertensive humans, of the amount needed to 
maintain observed levels of angiotensin II. However, it has 
been found that significant blood pressure lowering is 
achieved in hypertensive patients by treatment with ACE 
inhibitors. [Gavras, I., et al.. New Engl. J. Med. 291, 817 
10 (1974)]. 

The role of ACE in the pathogenesis of hypertension has 
prompted a search for inhibitors of the enzyme that could act 
as antihypertensive drugs. See for example U.S. Patents 
3,891,616, 3,947,575, 4,052,511 and 4,053,651. The re- 

15. activity of ACE varies markedly depending on the substrate. 
Many peptides which are called inhibitors of the enzymatic 
conversion of angiotensin I to angiotensin II are in fact sub- 

£ strates having a lower Michaelis constant (Km) than angiotensin 
I. Such peptides are more properly termed competitive sub- 

20 strates. 

Numerous synthetic peptide derivatives have been shown 
to be ACE inhibitors by Ondetti, et al. in U.S. Patent 
3,832,337 iaaued August 27, 1974. A highly effective 
inhibitor, with high biological activity when orally 

25 administered, is D-3-mercap to-2-methylpropanoyl-L-proline , 
designated SQ14225, disclosed in U.S. Patent 4,046,889 to 
Ondetti et al«, issued September 6, 1977, and in scientific 
articles by Cushman, D.W. et ah,. Biochemistry . 16 » 5484 
(1977), and by Ondetti, M. et al., Scienoe 196 ,~T41 (1977). 

30 The inhibitor SQ14225 reportedly has an value of 2.3 x 

10- 8 M. The Ijg value reported by Cushman, et al* , supra is 
the concentration of inhibitor required to produce 50S 
inhibition of the enzyme under a standard assay system con- 
taining substrate at a IovbI substantially above K . It will 

ro 

35 be understood that Ij Q values are directly comparable when 

all potential factors affecting the reaction are kept constant.'- 
These factors include the source of enzyme, its purity, the 
substrate *used and its concentration, and the composition of 
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the assay buffer. All I 5(J data reported herein have been 
performed with the same assay system and same enzyme (human 
urinary ACE) and with an approximately 1/2 K ffl level of sub- 
strate and are therefore internally consistent. 
5 The mode of action of SQ14225 has been based upon a 

model of the active site of ACE developed by analogy with the 
better known related enzyme, carboxypeptidase A. The active 
site was postulated to have a cationic site for binding the 
carbcxyl end group of the substrate and a pocket or cleft 
10 capable of binding the side chain of the C-terminal amino acid 
and providing especially tight binding for the heterocyclic 
ring of a terminal proline residue. A similar pocket for the 
penultimate amino acid residue was postulated, and the pub- 
lished data suggested a rather stringent steric requirement, 
15 since the D-form of the inhibitor was substantially more 

potent than its stereoisomer or the 3-methyl and unsubstituted 
analogs. The sulfhydryl group on the inhibitor, postulated to 
be bound at the active site near the catalytic center, was 
believed to pJay a central role in inactivation of the enzyme 
20 by combining with the zinc moiety known to be essential for 
catalytic activity. Substituents on the sulfhydryl, such as 
a methyl group, and an S-acetyl derivative, substantially 
reduced potency of the inhibitor. See Cushman, D.H., et al., 
Bioohemistry . supra . 

25 In vitro study of the mechanism by which SQ1A225 and its 

analogs act to inhibit ACE has been somewhat hampered by ths 
instability of these molecules under ambient conditions. For 
example, it has been observed that a fresh aqueous solution 
of concentration, e.g., 1 rog per ml of SQ14225 at a pH of 
30 about 8 becomes substantially less active upon standing for 
as little as 30 minutes, and that activity continues to 
decrease as the solution stands for longer periods. It is 
believed that this loss in activity is mainly the result. of 
dimerization of SQ14225 occurring at the sulfhydryl end 
groups, whereby a disulfide is formed which is largely inac- 
tive as an inhibitor. Since the free sulfhydryl group is 
highly reactive and may be readily oxidized to polar acidic 
moieties such as sulfone and sulfoxide groups, it may also be 
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that the observed irr vitro' loss of activity of aqueous 
solutions of SQ14225 on standing is in some part a consequ- 
ence of one or more such oxidation reactions, with formation 
ot i sulfone or sulfoxide which does not function effectively 
5 as an inhibitor for ACE. 

Such reports of SQ14225 clinical testing as are 
currently available, some of which refer to the compound 
under the name "Captopril", suggest that the product is 
sufficiently stable in the normal gastric and intestinal 

10 environments of most patients to be an effective inhibitor 
for ACE when administered orally. It is not yet clear, how- 
ever, whether there may be a group of patients for which 
SQ14225 is substantially ineffective* Because of the high 
reactivity of the free sulfhydryl group,. SQ14225 could readily 

15 form mixed disulfides with serum, cellular proteins, peptides 
or other free sulfhydryl group-containing substances in the 
gastric or intestinal environments, in addition to the poss- 
ibility for dimer formation or oxidative degradation reactions. 
A mixed disulfide with protein, may be antigenic and, indeed, 

20 occasional allergic reactions have been clinically observed. 
See Gavras, et al., ffew England J. Med* 298 ,991 (1978). 
Disulfides and oxidative degradatioaproducts of SQ14225, if 
formed, may at best be expected to be largely ineffective as 
inhibitors. It may be postulated accordingly that dose res- 

25 ponse to SQ14225 may vary with conditions of administration 
and among individual patients. Moreover, in at least some 
patients, unwanted side effects may occur and maintenance of 
an effective concentration of the inhibitor in the body may 
be difficult to control. 

30 Thioester compounds generally are thought to be highly 

reactive ire that the thioester linkage is readily hydrolyzable 
to a sulfhydryl moiety and a carboxylic moiety* Thioeeters 
are accordingly often, used ae active ester intermediates for 
acylation under mild conditions. Such groups, as e*g, acetyl - 

35 thio have been used as blocking groups in the above cited 
Ondetti, et al. patents. Thioester intermediates are also 
postulated to occur in the biosynthesis of cyclic peptides 
such as tyrocidin or gramicidin. S. See Lipmann, F. in 
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Accounts Chen." Res", 36T '(1973). 

Compounds related to SQ14225 have been disclosed 
by Ondetti, et al., U.S. Patents 4,046,889, 4,052,511, 
4,053,651, 4,113,735 and 4,154,840. Of interest Ire ' 
disclosed analogs of SQ14225 having the five-membered 
heterocyclic ring of proline replaced by a four- or a six- 
membered ring. The inhibitory potencies of such analogs 
relative to SQ14225 are not disclosed. Substitution of 
D-proline for L -proline is reported to drastically reduce 
inhibitory potency of 3-mercapto-propanoyl amino ecids 
(Cushman, D.W., et al., supra ). 

To date, the effect of the amino acid to the left of 
the sulfur in the thioester compounds has not been deter- 
mined. It is thought that this amino acid functions as an 
additional recognition site for the enzyme. If this is true, 
it would be expected that a compound with an amino acid here' 
would be a better inhibitor. Applicants have -found that 
various amino acids are effective and that the hydroxypro- 
lines, proline-L-, and D,L-3,4-dehydroproline, thiazolidine- 
4-carboxylic acid and L-5-oxo-proline derivatives are all 
effective anti-hypertensive agents and have high inhibitory 
potency for ACE. 

SUMMARY- OF THE INVENTION 
This invention relates to a plurality of methods for 
preparing compounds having the formula: 

0 

R - A - S - (CIL^ - CH- - C - Formula I 

• wherein. A 

R/is hydrogen, formyl V acetyl, propanoyl, butanoyl, 
Phenylacetyl, phenylpropanoyl benzoyl', cyclopentane-- 
carbonyl ,: tert-butyloxvcarbonyl , cyclopentanecarbon.yl- 
L-lysyl, pyro-l-glutamyl-L-lysyr, L-ly^ L-arginyl or 
pyro-L-glutamyl ; 

A is phenylalanyi, alanyl, trytophyl, tyrosyl, isoleucyl 
leucyl, glycyl, histidyl , or valvl th P « X * 

x ' r vai yif the a-amino group thereof 
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being irr amide linkage with B; 

i.8 hydrogen or methyl; 
R 2 is L-proline, L-3 ,4-dehydroprolirie, D,L-3 , 4-dehydro 
proline, L-3-frydroxyproline, L-4-hrydroxyproline, L-thia- 
-*olidine-4-carboxylic acid, or L-5-exo-proline, the imino 
group thereof being in. imide linkage with the adjacent 



is in the D-configuration. These compounds are inhibitors 
of ACE and are useful as orally effective anti -hypertensive 
agents. 

For convenience, all of the following methods have been 
described in terms of the steps required to prepare the com- 
pound where R is benzoyl, A is phenylalanyl, is methyl, 
R 2 is L-proline and n is 1, i.e. N a -[3-N a (-banzoylphenylalanyl- 
thio)-2-D-methylpropanoyl]-L-proline. However, it will be 
appreciated by those skilled in the art, that other compounds 
can be made by substituting the desired groups for those used 
to illustrate the processes where appropriate. For example, 
L-3,-4-dehydroproline, D,L-3,4-dehydroproline, L-3-hydroxy- 
proline, L-4-hydroxyproline, L-thiazolidine-4-carboxylic acid 
or L-5-oxo-proline can be substituted for L-proline in all of .. 
the methods described below. All of the amino acids listed 
for A can be similarly substituted for phenylalanine in these 
methods. Other desired compounds can be made by making the. 
appropriate substitutions unless indicated otherwise below. 

In several, methods described herein, N°-R 3 -thiophenyl- m 
alanine where Rj is H, Bz, Boc or Odz is reacted with meth- 
acrylic acid or ester or 3-bromo-2-methylpropionic acid to 
form 3-N^-R 3 -phenylalan7lthio-2-methylpropionic acid or 
ester. This compound is then resolved to form 3-N a -ltj- 
phenylalanylthio-2-D-methylpropionic acid or ester prior to 
reaction with L-pro to form the desired product.* In other 



0 



it 



-C- 

n is 0 or 1, such that when n is 0, R 1 is methyl; 
and where n=1 and R i is methyl the -CH- -CH- moiety 
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methods N°-R 4 -phenylalanine or N n -R ft -phenylalanine active 
ester where R 4 is Bz, Bpoc, Ddz is reacted with 3-mercapto- 
2-methylpropionic acid or ester to form 3-N°-R 4 -phenyl - 
alanylthio-2-methylpropionic. acid or ester. This compound 
5 is then resolved to form 3-N a -R 6 -phenylalanylthio-2-D- 
methylpropionic acid or ester prior to reaction with 
L-Pro to form the desired products. In other methods 3-R 5 - 
thio-2-methylpropionic acid or ester where R 5 is Cbo, 
acetyl or amino is resolved to form 3-R 5 -thio-2-D-methyl- 
10 propionic acid or ester prior to reaction with R-A. 

3-benzoylthio-2-D-methylproprionic acid, which is 
used as a starting material in processes described herein 
for synthesizing compound of Formula I, is commercially 
available from Chemical Dynamics Corp., 3001 Hadley Road, 
15 South Plainfield, New Jersey. 

In the following methods, any conventional coupling 
methods may be used for those steps requiring them in 
addition to those listed. Examples of coupling methods 
include: mixed anhydride (MA), dicyclohexylcarbodiimide 
20 (DCC), azide, N-ethyloxycarbon-yl-2-ethyloxy-1 ,2-dihydro- 
quinoline (EEDQ), N-isobutyloxycarbonyl-2-isobutyloxy-1 , 
2-dihydroquinoline, symmetrical anhydride, Woodward's 
reagent K (N-ethyl-5-phenylisoxazolium-3 '-sulfonate) , or 
carbonyldiimidazole (CDI) methods. For a review of these 
25 methods see Methoden d er Oroanischen -Premie (Houben-Weyl ) 
Vol. XV, part II, p. 1 et seq. (1974). 

Similarly, in the following methods where t-butyloxy- 
carbonyl (Boc) protecting group is used, it can be re- 
placed with any acid sensitive amino protecting group 
30 such as 2-(4-biphenyl)-2-propyl)-2-propyloxycarbonyl 
(Bpbc), 2-phenylisopropyloxycarbonyl(Ppoc), benzyloxy- 
carbonyl (Cbo) or other acid sensitive N-aralkyloxy- 
carbonyl protecting group. Deprotection-, i.e. removal of 
the protecting group, can be effected by any conventional 
35 means such as tri fluoroacetic acid (TFA) in anisole, «C1 
in acetic acid, cold tri fluoromethane sulfonic acid and 
methanolic ammonia. See Methoden. der Drqanischen Chp- m i » 
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(Houben-Weyl) Vol. XV*,* part I, p.- 376 et seq. (1974). 

I. 

According to a preferredmethod , N a -t-butyloxy- 
carbonyl phenylalanine (Boc-Phe) is reacted with thia- 
phenol in the presence of a conventional coupling agent 
3 end an anhydrous medium to produce N fl -t-butyloxycarbonyl- 
thiophenylalanine phenyl ester. Thie is done using the 
MA method in ethyl acetate. 

In the second step, the Boc protecting group is 
removed by reacting the product from step 1 with tri- 

ja fluoroacetic acid (TFA) and anisole. The deprotected 

product is then reacted with hydrogen chloride in ethanol 
to produce the hydrogen chloride salt of thiophenyl- 
alanine phenyl ester. The protecting group can also be 
removed with hydrogen* chloride or hydrogen bromide in 

15 acetic acid or organic solvent, methanesulfonic acid or 
substituted methanesulfonic acid. This latter compound 
is then reacted with, benzoyl chloride in a mixture of 
ethyl acetate and water containing Na 2 C0j to produce 
N a -benzoyl-thiophenylalanine phenyl ester. 

20 In the third step, the final product from step 2 is 

reacted with NaSH in ethanol and in the presence of 
nitrogen to yield N a -benzoyl-thiophenylalanine (Bz-Phe-SH). 
This step is a modification of Bull. Chem. Soc, Jap. 38 , 
320 (1965). 

25 Alternatively, the phenyl ester from step 1 is reacted 

with NaSH as described in. step 3 producing Boc-Phe-SH. Or, 
Boc-Phe-SH can be produced by coupling Boc-Phe with H 2 S using 
the mixed anhydride method. See J. Am." them.' Soc, 74 , 4726 
- (1952) The benzoyl -thiophenylalanine (Bz-Phe-SH) is~then 
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produced following a procedure similar to that of step 2. 

As a second alternative, Bz-Phe-SH can be obtained by 
reacting benzoyl chloride with Phe in the presence of NaOH. 
This product is then coupled with H 2 S by using the mixed 
5 anhydride method. See J. Biol, Chem . 138 , 627 (1941). 

In the fourth step, this thio acid is heated with meth- 
acrylic acid in the presence of toluene to produce 3-(N a - 
benzoyl-phenylalanylthio)-2-methylpropionic acid. 

The product of this step is then resolved in step 5 to 
10 yield N a -(3-benzoyl-phenylalanylthio)-2-D-methylpropionic 
acid by crystallization, liquid chromatography, counter 
current distribution, ion exchange or by using resolution agents 
such as 3-nitro-D-tyrosine methyl ester or hydrazide, 3-nitro- 
D-tyrosine methyl ester or hydrazide, d-(+)-a-raethylbenzylamine 
15 or l-(-)-or-methylbenzylamine, quinine, (-)-ephedrine or 
N,N -dec yclohexyl amine. 

In the sixth step, this acid is then coupled with L- 
proline t-butyl ester by using the DCC or MA methods to pro- 
duce N a -[34y| a -benzoyl-phenylalanylthio)-2-D-methylpropanoyl]- 
20 L-proline t-butyl ester. This ester is dissolved in a mixture 
of anisole and TFA to produce N°-[3-(N a -benzoylphenylalanylthio) 
-2-D-methylpropanoyl]-L-proline. Alternatively, the product 
from step 5 can be coupled with hydroxysuccinimide using the DCC 
or MA methods and then the product is reacted with L-proline to 
25 yield the same product. 

The foregoing method for preparing N a -t3-(N°-benzoyl- 
phenylalanylthio)-2-D.methylpropanoyl]-L -proline is preferred 
because the yield is generally high and the product is 
easily crystallized. 
30 In addition, this method is preferred because the 

phenylalanyl moiety can be obtained in either the pure L-, 
D- or D,L- form. That is, by utilizing Boc-L-Phe or Boc-D- 
Phe as the starting material, N a -[3-(N a -benzoyl-L-phenyl- 
alanylthio-2-D-methylpropanoyl]-L-.proirne or N a -[3-(N a - 
35 benzoyl -D-phenylalanylthio)-2-D-methylpropanoyl]-L-proline 

are obtained. By using a mixture of Boc-L-Phe and Boc-D-Phe, 
the D,L- form is obtained. 

Acrylic acid can be substituted for methacrylic acid in 
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step 4 above to produce the 3-thio propionic acid derivative. 

Bysubstituting the appropriate R-A compound prepared by 
the methods disclosed in copending U.S. applications Serial 
Noe. 64,897 through 64,903, filed August 14, 1979-, Serial Nos. 
5 '(16,950 and 116,951, filed January 30, 1980 and Serial No. 
12*, 188 filed March 3, 1980, for Boc-Phe in step 1 and 
following the procedures of steps 1 and 3-6;, a compound hav- 
ing the desired R and A groups can be obtained. 

II 

1Q According to a second preferred method, 3-benzoylthio- 

2-D-methylpropionic acid is reacted with 2-methylpropene in 
the presence of sulfuric acid to yield 3-benzoylthio-2-D^ 
methylpropionic acid t-butyl ester. 

In the second step, the benzoyl group is removed by 

15; conventional deprotecting methods to produce 3-mercepto-2-D- 
methylpropionic acid t-butyl ester. Examples of conventional 
deprotecting methods include using ammonium hydroxide, 
ammonia in methanol and sodium methoxide in methanol. 

In the third step, the product of step 2 is coupled with 

20 N a -benzoylphenylalanine (Br-Phe) using the active ester 
coupling method to form 3-N a -benzoylphenylalanylthio-2-D- 
methylpropionic acid t-butyl ester. Useful active esters 
include the N-succinimidyl ester, the p-nitrophenyl ester, 
the pentachlorophenyl ester and the like of Bz-Phe. 

25 Alternatively^ the product from step 2 is coupled with 

Bz-Phe using a low* racemization coupling method such as the 
EEDQ method, the acid azide method or the DCC method with 
racemization suppressing reagents, e.g., 1 -hydroxybenzo- 
triazole, to form 3-N a -benzoylphenylalanylthio-2-D-methyl- 

30 propionic acid t-butyl ester. 

In step 4, the t-butyl ester group is removed from the 
product of step 3 using conventional deprotecting methods to 
form 3-N a -benzoylphenylalanylthio-2-D-methylpropionic acid. 
In step 5, the product of step 4 is coupled with N- 

35 hydroxysuccinimide using the DGC or MA methods to form the - 
N-succinimidyl ester. This product is then reacted with L- 
proline to yield N a -L3-(N 0 -benzoylphenylalanylthio)-2-D- 
metrhylpropanoyl]-L-proline. : The N-hydroxiysuccinimide can be 
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• replaced with other active ester precursors to form other 
useful active esters. Alternatively, the product of step 4 
can be coupled with L -proline t-butyl ester using the DCC 
or MA methods to produce the t-butyl ester of the same prod- 
5 uct. The t-butyl ester group is removed using conventional 
deprotecting methods. 

By utilizing Bz-L-Phe, Bz-D-Phe or Bz-D,L-Phe as the 
starting material, the following compounds can be obtained: 
N°-[3-(N a -benzoyl-L-phecrylalanylthio)-2-D-methylpropanoyl]-L- 
0 proline, N a -[3-(N 0 -benzoyl-D-phenylalanylthio)-2-D-methyl- 
propanoyll-Uproline or N°-[3-N a -benzoyl-D,L-pheoylalanylthio) 
-2-D^methylpropanoyll-L-proline. The pure L-, D-, or D,L- 
forms of Bz-Phe can be obtained by following the procedures 
described herein. 
5 By substituting the appropriate R-A compounds prepared 

by the methods disclosed in copending U.S. Application 
Serial Nos. 064,897 through 064,903, filed August 14, 1979, 
Serial Nos. 116,950 and 116,951, filed January 30, 1980 and 
Serial No. 121,188 filed March 3, 1980 for the Bz-Phe in step 
3 and following the procedures of steps 3-5, a compound having 
the desired R and A groups can be obtained. 

Ill 

In a third preferred method, N a -Bpoc-Phe is first 
coupled with 3-mercapto-2-D-methylpropionic acid t-butyl 
ester (prepared as described in Method II, steps 1-2) using 
the DCC method in the presence of 1 -hydroxybenzotriazole or 
the MA method to form 3-N a -Bpoc-phenylalanylthio-2-D-methyl- 
propionic acid t-butyl ester. 

In the second step, the ester produced in step 1 is 
deprotected to yield 3-N °-phenylalanylthio-2-D-methylprop- 
ionic acid t-butyl ester. 

In the third step, the product of step 2 is coupled to 
a benzoyl halide, such as benzoyl chloride or bromide, or 
benzotriazolyl, p-nitrophenyl , o-nitrophenyl, 5-rtorbornene- 
2,3-dicarbo«imidyl, pentachlorophenyl or pentafluorophenyl 
esters of benzoic acid to yield 3-N°-benzoylphenylalanylthio- 
2-D-methylpropionic acid t-butyl ester. 

In the fourth step, the t-butyl ester group is removed 
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as described in Method II,' step -4. 

In the fifth step, the product of step 4 is coupled to ' 
L proline or L-proline t-butyl ester as described in Method 
I;, step 5 to form N^ES-CN^benzoylphenylalanylthio)^^- 
5 Pi„. unylpropanoyl ]-L-proline. 

Any desired A group can be substituted for Phe in step 1 
to obtain, compounds having the desired A group. Any desired 
R group can be coupled to the product of step 2 by substitut- 
ing R for the benzoyl moiety in the benzoyl coupling com- 

10 pounds described in step 3. 

In a fourth preferred method, N°-t-butyloxycarbonyl- 
phenylalanine is first coupled to thiophenol, as described in 
Method I, step 1 above, to produce N a -t-butyloxycarbonyl - 
thiopheaylalanine phenyl ester. 

15 In the second step, this ester is then reacted with 

NaSH in ethanol and in the presence of nitrogen to yield the 
thio acid, N°-t-butyloxycarbonyl-thiophenylalanine. The thio 
acid can also be prepared by reacting N a -t-butyloxycarbonyl- 
phenylalanine with H^S as described in Method I. 

20 In the third step, the thio acid is heated with meth- 

acrylic acid in toluene to produce 3-(N°-t-butyloxycarbonyl- ; 
phenylalanylthio)-2-methylpropionic acid. 

In the fourth step, resolution of this product is 
accomplished as described in Method I, step 5. 

25 In the fifth step, the resulting product is then 

deprotected by resction with a mixture of TFA and anisole. 
The deprotected product is reacted with benzoyl chloride to 
produce 3-(N°-benzoyl-phenylalanylthio)-2-D-methylpropionic 
acid. N a -L3-(N a -benzoyl-phenylalanylthio)-2-D-methyl- 

30 propanoyl]-L-proline is produced as described in Method I, 
step 6. 

Alternatively, the product from step 4 can be coupled 
with L-proline t-butyl ester using the DCC or MA methods. 
This product is deprotected by a reaction with TFA and anisole. 
35 The resulting product is then- reacted with benzoyl chloride to 
produce the desired compound. 

As a second alternative, the product from step 4 can be 
coupled with N-hydroxyeuccinimide: using ..the DCC or MA methods. 
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This product is then reacted with L-ppolihe. The resulting 
product is deprotected and reacted with benzoyl chlordde as . 
previously described to yield the desired product. 

As a third alternative, the product from step 2 is 
5 deprotected using a mixture of hydrogen chloride in acetic 
acid to produce the hydrogen chloride salt of Phe-SH. This 
product is then heated with methacrylic acid and resolved as 
described in steps 3 anH 4. The resulting product is reacted 
wath benzoyl chloride in ir^CO, to obtain the desired com- 
10 pound. 

Acrylic acid can be substituted for methacrylic acid in 
step 3 to yield the 3-thiopropionic acid derivative. Any 
desired R-A compound as described above with respect to 
Method I can be substituted for Boc-Phe in step 1 of this 
15 method. In order to achieve a compound having the desired R 
and A groups, removal of the R group by deprotection in step 
5 is unnecessary. 

V. 

In a fifth preferred method, the benzoyl group is 
20 removed from 3-benzoylthio-2-D-methylpro P ionic acid using 
conventional deprotec£ing methods. 

In the second step, the product of step 1 is coupled to 
N -Boc-Phe using the active ester coupling method as describ- 
es ed xn Method II, step 3 to form 3- N «-Boc-ohenylalanylthio-2- • 
25 U-methylpropionic acid. 

The product from step 2 is deprotected in the third step 
usang trifluoroacetic acid (TFA) in anisole to produce the 
Salt ° f 3 -P hen y la ^nylthio-2-D-methylpropionic acid. 
,n . . . ^ f ° Urth St6p ' the P" d ^ from step 3 is reacted 

Wlth benZOyl c "l«ide in a NaHCO solution to form 3-N°- 
benzoylphenylalanylthio-2-D-methylpropionic acid. 

N -C3-(N°-benzo y l P henylalanylthio)-2-D-methyl P ropanoyl]- 
L-proline is prepared in the fifth step by following the 
procedure described in Method II, step 5. 

Any desired A group can be substituted for Phe in step 2 
to obtain compounds having the desired A group. Any desired 

9 7 P f be C ° Upled to th * Product of step 3 by "substitut- 

ing R for the benzoyl moiety of the benzoyl chloride coupling 
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compound described irr step -4. 

VI. 

In a sixth preferred method, 3-mercapto-2-p-methyl- 
f.ropionic acid is coupled to N*-Bpoc-Phe using the active 
z. e&:.er coupling method as described in Method II, step 3 to 
jcro 3-N a -Bpoc-phenylalanylthio-2-D-methylpropionic acid. 
In the second step, L- pro fe-butyl ester is coupled to 
the product of step 1 using the DCC method in the presence of 
1-hydroxybenzotriazole or the MA method to form N a -[3-(N a - 
TO Bpoc-phenylalanylthio)-2-D-methylpropanoyl]-L-proline t-butyl 

ester. 

The Bpoc protecting group is removed in the third step 
using dilute TFA to produce the TFA salt of N°-[3-phenyl- 
alanylthio-2-D-methylpropanoyl]-L-proline t-butyl ester. 

15 In the fourth step, the product of step 3 is reacted 

with benzoyl chloride as described in Method V step 4 to 
form N a -[3-(N 0 -benzoylphenylalanylthio)-2-D i -methylpropanoyl3- 
L-proline t-butyl ester. 

In the fifth step, the t-butyl ester is removed using 

20 conventional deprotecting methods to form N a - £3- (;N "-benzoyl - 
phenylalanylthio)-2-D-methylpropanoyl]-L-proline. 

Any desired A can be substituted for Phe in step 1 to 
obtain compounds having the desired A group. Any desired R 
group can be coupled to the product of step 3 by substituting 

25 R for the benzoyl moiety of the benzoyl chloride coupling com* 
pound described in .step 

VII. 

In a seventh preferred method, 3-N°-Boc-phenylalanyl- 
thio-2-D-methylpropionic acid, prepared as described in Method 
30 V., step 2, is coupled with N-hydroxysucciniraide using the 
DCC or MA methods and this product is then reacted with L- 
Pro as described in Method II, step 5 to form N°-t3-(N a -Boc- . 
phenylalanylthio)-2-D-methylpropanoyl] -L-proline. 

In the second step, the TFA salt of N a -[3-phBnylalanyl- 
35 thio-2-0-methylpropanoyl]-L-prolihe is prepared as described 
in Method V, step 3. 

In the third step, benzoyl chloride is reacted with the 
product of step Z as described in Method V,. step 4 to form 
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N a -[3-^ a -benzoylphenylalanylthio)-2-D-methyr P ropanoyl]-L- 
proline. 

Any desired A can be substituted for Phe in step 1 to 
obtain compounds having the desired A group. Any desired R 
5 group can be coupled to the product of step 2 by substituting 
R for the benzoyl moiety of the benzoyl chloride coupling 
compounds described in step 3. 

In methods III, V, and VI, it is also possible to obtain 
the A moiety, e.g. phenylalanyl, in either the pure L-D- or 
10 D,L-form. For example, by using Bpoc-L-Phe or Bpoc-D-Phe as 
the starting material, N a -[3-(N°-benzoyl-L-phenylalanylthio)- 
2-D-methylpropanoyI]-L-proline or N a -[3-(N°-benzoyl-D-phenyl- 
alanylthio)-2-0-methylpropanoyl] -L-proline are obtained. By 
using a mixture of Boc-L-Phe and Boc-D-Phe, the D,L-fori» ia 
15 obtained. 

VIII 

In an eighth preferred method, Boc-Phe ia firat reacted 
with pentachlorophenol using the MA method to yield N°-t- 
butyloxy-carbonyl-phenylalanine pentachlorophenyl eater 
20 (Boc-Phe-OPcp). Penta fluorophenol or N-hydroxysuccinimide 

can be used i„ place of the pentachlorophenol in this reaction. 

In the second step, this ester is reacted with hydrogen 
chloride or hydrogen bromide in acetic acid to produce the 
HC1 or HBr salt of Phe pentachlorophenyl ester. 

In the third step, the salt is reacted with benzoyl 
chloride in a solution of sodium bicarbonate in ethyl acetate 
and water to yield Bz-Phe pentachlorophenyl ester (Bz-Phe- 
OPcp). 

In the fourth step, Bz-Phe-OPcp is coupled with 3- 
mercapto-2-methylpropionic acid to form 3-(N°-benzoyl -phenyl- 
alanyl thio)-2-n,ethylpropionic acid using any of the well-known 
coupling agents. 

In the fifth step, this product is resolved using . any of 
the resolution agents described above. 

In the sixth step, the resolved product is coupled with 
L-proline t-butyl ester, preferably using the DCC or MA 
methods, to yield N°-L3-N a -benzoyl-phenylalanylthio)-2-D- 
methylpropanoyll-L-proline t-butyl ester. 
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Finally, this ester ie dissolved irr a mixture of ani- 
sole and TFA to produced the desired compound. 

3-mercaptopropionie acid or 2-mercaptopropionic acid 
can be substituted for the 3-mercapto-2-methylpropionic acid 
in step 4 to produce the 3-thiopropionic acid or 2-thio- 
propionic acid derivatives. Any desired R-A compound as 
described above with respect ta method I can be substituted 
for Boc-Phe in step 1 of this method. In order to obtain a 
compound having the desired R and A groups, steps 2 and 3 are 
eliminated. 

IX. 

In a ninth preferred method, N a -benzoyl -phenylalanine 
(Bz-Phe) is reacted in the presence of H 2 S using the MA 
method to produce the N°-benzoyl-thiophenylalanine (Bz-Phe- 

. SH). 

In the second step, Bz-Phe-SH is reacted with meth- 
acrylic acid as described in method I, step 4 above. 

The product of step 2 is then reeolved in the third step 
as described in method I, step 5 above. 

In the fourth step, the resolved product is coupled with 
L-proline t-butyl ester and then dissolved in TFA and anisole 
to produce the desired compound as described in method I, step 
6 above. Alternatively, the product of step 3 can be coupled 
with N-hydroxysuccinimide using the DCC or MA methods and 
then reacted with L-proline to yield the same product. 

Any desired R-A compound as described above with res- 
pect to method I can be substituted for Bz-Phe in step 1 of 
this method to obtain a compound having the desired R and A 
groups. Acrylic acid can be substituted for methacrylic acid 
in step 2 to produce the 3-thioprbpionic acid derivative. 

X. 

In a tenth preferred method, methacrylic acid is first 
coupled with N-hydroxysuccinimide followed by reaction with 
L-proline to yield 2-methylpropenoyl-L-jrroline. 

Alternatively, methacryloyl chloride is reacted with L- 
proline to produce 2-methylpropenoyl -L-proline. 

As a second alternative to the first step, methacrylic 
acid is coupled with L-proline. t-butyl ester, using the MA 
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method to produce the t-butyl ester of 2-methrylpropenoyl-L- 
proli'ne which is then deprotected with TFA to yield 2-methyl- 
propenoyl -L -proline . 

In the second step, the 2-methylpropenoyl-L-proline pre- 
pared by any of these alternatives is heated with N a -benzoyl- 
thiophenylalanine (Bz-Phe-SH) in the presence of toluene to 
produce the desired compound. 

Alternatively, the t-butyl ester of 2-methyl-propenoyl-L- 
proline can be substituted for the 2-methylpropenoyl-L-proline 
in step 2 above. The product obtained must then be deprotec- 
ted with TFA to yield the desired compound. 

Acrylic acid can be substituted for methacrylic acid, or 
alternatively acryloyl chloride can be substituted for meth- 
acryloyl chloride, in step 1 to yield the 3-thiopropionic acid 
15 derivative. Arry desired R-A-SH compound can be substituted 
for Bz-Phe-SH in step 2 of this method to obtain a compound 
having the desired R and A groups. 

XI. 

In a further method, benzoyl chloride is reacted with 
20 phenylalanine in a NaOH solution to produce N°-benzoyl- 

phenylalanine (Bz-Phe) as described in J. Biol. Chem.- 138 . 
627-629 (1941 ). " =* 

In the second step, thioacetic acid is reacted with 
methacrylic acid to yield 3-acetylthio-2-methylpropionic 
25 acid. This acid is then dissolved in a mixture of methanol 
and ammonia to yield 3-mercapto-2-methylpropionic acid. 

In the third step, Bz-Phe from step 1 is reacted with 
excess N-hydroxysuccinimide using the MA method. The result- 
ing product is then reacted with the 3-mercapto-2-methyl- 
propionic acid from step 2 to produce 3-(N a -benzoyl -phenyl - 
alanylthio)-2-methylpropionic acid. 

In the fourth step, the product of step 3 is resolved 
using any of the well-known methods. 

In the fifth step, the resolved product of step 4 is 
reacted with N-hydroxysuccinimide using the MA method. The 
resulting product is then reacted with L-proline to produce 
the desired compound. 

Alternatively, the t-butyl ester of L-proline can be 
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substituted for L-prolih* irr step 5 above. If thie is done 
the resulting product must be deprotected, For example with 
TFA in the presence of anisole, to yield: the desired com- 
pound. 

5 Acrylic acid can be substituted for methacrylic acid in 

step 2 of this method to obtain the 3-thiopropionic acid 
derivative. 2-mercaptopropionic acid can also be substituted 
'or the 3-mercapto-2-methylpropionic acid in step 3 to obtain 
the 2-thiopropionic acid derivative. Any desired R-A com- 
10 pound as described above can be substituted for Bz-Phe in 

step 3 of this method to obtain a compound having the desired 
R and A groups. 

XII. 

In this method, N a -benzoyl-phenylalanine (Bz-Phe) is 
15 reacted with thiophenol using the MA method tor produce N a - 
benzoyl -thiophenylalanine phenyl ester. 

Alternatively, Boc-Phe can be substituted for Bz-Phe in 
step 1 above. The Boc group muet then be deprotected and 
reacted with benzoyl chloride in a subsequent step to pro- 
20 duce N a -benzoyl-thiophenylalanine phenyl ester. 

As another alternative, N-hydroxysuccinimide can be used 
in the MA reaction in step 1 above. 

In the second step, the product of step 1 is reacted 
with NaSH to yield N°-benzoyl-thiophenylalanine as described 
25 in method I, step 3 above. 

Alternatively, the product of step 1 can.be reacted 
with H 2 S in an alkaline solution to produce N a -benzoyl-thio- * 
phenylalanine. See Naturwissenschaften , 40, 242-243 (1953). 

In the third step, the product of step 2 is reacted with 
30 . an excess of methacrylic acid to form 3-(N a -benzoyl -phenyl- 
alanylthio)-2-methylpropionic acid. 

In the fourth step, the product of step 3 is resolved 
using any of the well-known: methods. 

In the fifth step, the resolved product is reacted with 
35 N-hydroxysuccinimide followed by reaction with L-proline or 

the t-butyl ester of L-proline as described in method VI , step 
5 and its alternative steps above. 

Acrylic acid can. be substituted for methacrylic acid in 
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step 3 to obtain- the 3-thiopropionic acid derivative. Any 
desired R-A con-pound as described above can be substituted 
for Bz-Phe in step 1 to obtain a compound having the desired 
R and A groups. 

XIII 

In a further method, Boc-Phe is first coupled with 
thiophenol, as described in method IV, step 1, above to 
produce N°-t-butyloxycarbonyl-thiophenylalanine phenyl ester. 

The phenyl ester is then reacted with NaSH or HjS in an 
alkaline solution to yield Boc-Phe-SH in the second, step, as 
described in method IV step 2 above. 

In the third step, the product of step 2 is reacted with 
an excess of methacrylic acid to form 3-(N°-t-butyloxy- 

carbonyl-phenylalanylthio)-2-methylpropionic acid, as des- 
cribed in method IV step 3 above. 

In the fourth step, the product of the third step is 
resolved using any of the well-known methods such as those 
described in method I, step 5 above. 

In the fifth step, the resolved product of step A is 
reacted with HC1 in ethyl acetate. The resulting product is 
then reacted with benzoyl chloride in a mixture of ethyl 
acetate and water containing Na 2 C0 3 to yield 3-(N°-benzoyl- 
phenylalanylthio)-2-methylpropionic acid. 

In the sixth step, the product of step 5 is reacted with 
N-hydroxysuccinimide using the MA method followed by reaction 
with L-proline or the t-butyl ester of L-proline, as des- 
cribed above in method XI, step 5 and its alternative, to 
produce the desired compound. 

Acrylic acid can be substituted for methacrylic acid in 
step 3 to obtain the 3-thiopropionic acid derivative. Any 
desired R-A compound as described above can be substituted 
for Boc-Phe in step 1 to achieve a compound having the 
desired R and A groups, thereby eliminating step 5. 

XIV. 

In the first step of this method, phenylalanine is 
coupled to a benzoyl halide, such as benzoyl chloride or 
benzoyl bromide, or an active benzoic acid ester, such as the 
N-auccinimidyl, p-nitrophenyl , o-nitrophenyl, benzotriazolyl , . 
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5-norborrrene-2,3-dicarboxiroidyl, pehtachlorophenyl or 
pentafluorophenyl esters, to yield benzoylphenylalanine 
(Bz-Phe). 

In the second step, the Bz-Phe from step 1 is coupled 
to 3-raercapto-2-methylpropionic acid to produce 3-(N°-benzoyl- 
phenylalanylthio)-2-methylpropionic acid. 

In the third step, the product of step 2 is resolved 
using any of the conventional methods described above. 

In the fourth step, the resolved product is coupled to 
the t-butyl ester of L-proline using the DCC or MA method to 
form M°-[3-(N 0 -benzoyl-phenylalanylthio)-2-methylpropanoyl]- 
L-proline t-butyl ester. This ester is then deproteeted with 
TFA in- anisole to yield the desired compound. 

3-mercaptopropionic acid or 2-mercaptopropionic acid can 
be substituted for the 3-raercapta-2-methylpropionic acid in 
step 4 to produce the 3-thiopropionic acid and 2-thiopropionic 
acid derivatives. Any desired R-A compound as described 
above can. be substituted for Bz-Phe in step 2 of this method 
to obtain a compound having the desired R and A groups. 

XV 

In another method, N-o,o-dimethyl-3,5-dimethyloxy- 
benzyloxycarbonyl-phenylalanine (Ddz-Phe) is coupled to 3- 
mercapto-2-methylpropionic acid using the DDI method in the 
presence of triethanol amine (TEA) to produce 3-(Ddz-phenyl- 
alanylthio)-2-methylpropionic acid. Photosensitive amino 
protecting groups other than. Ddz, such as 6-nitroveratryloxy- 
carbonyl or 2-nitrobenzyloxycarbonyl , may also be used. 

In the second step, the product of step 1 is resolved 
using any of the well-known methods described above. 

In the third step, the resolved product of step 2 is 
coupled to the t-butyl ester, of L -proline using the DCC or 
MA methods to yield N a -D-(N°-Ddz-p.henylalanylthio)-2-methyl- 
propanoyl]-L -proline t-butyl eeter. 

In the fourth step, the product of step 3 i» deproteeted 
by irradiation to yield N a -[3-p.henylalanylthio-2-methyl- 
propanoyl]-L -proline t-butyl ester. 

In the fifth step, the product of step 4 is coupled to 
any of .the benzoyl coupling compounds, described in method XIV 
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step 1 above to produce N a -[3-(|f -benzoyl -pbenylalanyl - 
thio-2-methylpropanoyl]-L-proline t-butyl ester. 

In the sixth step, the ester produced in step 5 is 
deprotected using TFA in anisole to yield the desired com- 
5 pound. 

3-mercaptopropionic acid and 2-mercaptopropionic acid 
can be substituted for 3-mercapto-2-methylpropionic acid in 
step 1 to obtain the 3-thiopropionic acid and 2-thi3prop- 
ionic acid derivatives. Any desired group can be sub- 
0 stituted for phenylalanine in step 1 to obtain compounds 
having the desired A group. Any desired R group can be 
coupled to the product of step 4 by substituting R for the 
benzoyl group in the benzoyl coupling compounds described in 
step 1 of method IX which are used in step 5 of this method. 
5 XVI 

In a further method, 2-(4-biphenyl )-2-propyloxy- 
carbonyl phenylalanine (Bpoe-Phe) is coupled to 3-mercapto- 
2-methylpropionic acid using the CDI method as described in 
method XV, step 1 above. Bpoc can be replaced by 2-phenyl- 
0. isopropyloxycarbonyl (Ppoc) or any other acid sensitive N- 
aralkyloxycarbonyl protecting group. 

In the second step, the 3-(N°-Bpoc-phenylalanylthio)-2- 
methylpropionic acid produced in step 1 ia resolved using any 
well-known method of resolution. 

In the third step, the resolved product of step 2 is 
coupled to L-proline t-butyl ester as described above in 
method XIV, step 3, to produce N a -[3-(N°-Bpoc-phenyl- 
alanylthio)-2-methylpropanoyl]-L-proline t-butyl ester. 

In the fourth step, the ester produced in step 3 is 
deprotected with dilute TFA in dichloromethane to yield 

N -[ 3 -(phenylalanylthio)-2-methylpropanoyl]-L-proline t^ 
butyl ester. 

In the fifth step, the product of step 4 is coupled to 
a benzoyl compound such as that described in method XIV, 
step 1 above. ' 

In the final step, the product of step 5 is deprotected 
with TFA in anisole to yield the desired compound. 

3-mercaptopropionic acid and 2-mercaptopropionic acid 
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can be substituted for 3-'mercapta-2-methyllp*ropionic acid in 
step 1 .to obtain the 3-thiopropionic acid and 2-thioprop- 
ionic acid derivatives. Any desired A group can be sub- 
stituted for phenylalanine in step 1 to obtain compounds 
5 having the desired A group. Any desired R group can be 
coupled to the product of step 4 by substituting R for the 
benzoyl group in the benzoyl coupling compounds described in 
step 1 of method XIV which are used in step 5 of this 
method. 

10 XVII 

In this further method, 3-acetylthio-2-methylpropionic 
acid is reacted with 2-methylpropene in the presence of 
sulfonic acid to yield 3-acetylthio-2-methylpropionic acid 
t-butyl ester. The acetyl group is then removed by 

15 dissolving the ester in* an alkaline solution to produce 3- 
mercapto-2-methylpropionic acid t-butyl ester. 

In the second step, the product of step 1 is coupled 
with .N°-benzoyl -phenylalanine (Bz-Phe) using any of the 
conventional coupling methods except halide to produce 3- 

20 (N°-benzoyl-phenylalanylthio)-2-methylpropionic acid t-butyl 
ester. 

In the third step, the product of step 2 is deprotected 
using TFA in anisole to yield 3-(N a -benzoyl-phenylalanyl- 
thio)-2-methylpropionic acid. 

25 In the fourth step, the acid produced in step 3 is 

resolved using any of the well-known methods described above. 

In the fifth step, the resolved product of step A is 
coupled to the t-butyl ester of L-proline, and the resulting 
ester is then deprotected with TFA in anisole to produce the 

30 desired compound as described in method XIV, step 4 above* 

3-acetylthiopropionic acid or 2-acetylthiopropionic acid 
can be substituted for 3-acet ylthio-2-methylpropionic acid 
in step 1 of this method to obtain the 3-thiopropionic acid 
and 2-thiopropionic acid derivatives. Any desired R-A com- 

35 pound as described above can be substituted for Bz-Phe in 
step 2 to obtain a compound having the desired R and A 
groups. 

XVIII 
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In another method ,3-acetylthio-2-methylpropionic acid 
is reacted with 2-methyl propane to produce 3-acetyl thio-2- 
methylpropionic acid t-butyl ester followed by removal of 
the acetyl group to yield 3-mercapto-2-methylpropionic acid 
5 t-butyl ester as described in method XVII, step 1 above. 

In the second step, the ester produced in step 1 is 
coupled to a protected phenylalanine compound in which the 
protecting group is Bpoc, Ppoc or Ddz to produce protected 
3-(N°-phenylalanylthio)-2-methylpropionic acid t-butyl ester. 
10 In the third step, the ester of step 2 is deprotected, 

for example, using weak acids to yield 3-phenylalanylthio-2- 
methylpropionic acid t-butyl ester. The Ddz protecting 
group can be removed using the irradiation method. 

In the fourth step, the ester of step 3 is coupled to 
15 benzoic acid to produce 3-(N a -benzoyl-phenylalanylthio)-2- 
methyl propionic acid t-butyl ester. Any of the benzoyl 
coupling compounds described in method XIV, step 1 above can 
be used in place of the benzoic acid. 

In the fifth step, the product of step 4 is deprotected 
20 with TFA in anisole to yield 3-(N a -benzoyl- P henylalanylthio)- 
2-methylpropionic acid as described in method XVII, step 3 
above. 

In the sixth step, the product of step 5 is resolved 
using any of the conventional methods described above. 
25 In the seventh step, the resolved product of step 6 is 

coupled to the t-butyl ester of L -proline and the resulting 
ester is then deprotected with TFA in anisole, ss described 
in method XIV step 4 above, to yield the desired compound. 

In. the above steps, the benzyl esters can be substituted 
30 for the t-butyl esters and deprotection can be accomplished 
using HBr in acetic acid. 

3-acetylthiopropionic acid or 2-acetylthiopropionic 
acid can be substituted for 3-acetylthio-2-methyl P ropionic 
acid in step 1 to obtain the 3-thiopropionic acid and 2-thio- 
35 propionic acid derivatives. Any desired A group can be 

substituted for phenylalanine in step 2 to obtain a compound 
having the desired A group. Any desired R group can be 
coupled to the product of step 3 by substituting R for the 
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benzoyl group in the benzoyl coupling compound used in step 4. 

XIX 

In yet another method, Ddz-Phe is coupled to p-nitro- 
phenol using the DCC method tor produce N a -Ddz-p.henylalanine 
5 p-nitrophenol ester. The protecting group Ddz can be re- 
placed by Bpoc, Ppoc or Bz. The p-nitrophenol ester group 
can be replaced by any other active ester group such as thos* 
described in method XIV, step 1. The N a -pdz-phenylalanine p- 
nitrophenol ester is then reacted with NaSH to yield Ddz- 
10 thiophenylalanine. 

In the second step, the product of step 1 is reacted 
with methacrylic acid to produce 3-(N a -Ddz-phenylalanylthio)- 
2-methylpropionic acid. 

In. the third step, the acid produced in step 2 is 
15 resolved using any conventional resolution -method. 

In the fourth step, the resolved product of step 3 is 
coupled to L-proline t-butyl ester, ae described in method XV 
step 3 above, to yield N a -[3-(N a -Ddz-phenylalanylthio-2- 
methylpropanoyl]-L-proline t-butyl ester. 
20 In the fifth step, the ester of step 4 is deprotected 

by irradiation to yield N°-[3-phenylalanylthio-2-methyl- 
propanoyl]-L-proline t-butyl ester as described above in 
method XV, step 4. 

In the sixth- step, the product of step 5 is coupled to 
25 any of the benzoyl coupling compounds described in step 1 of 
method XIV above to produce N a -[3-(N a -benzoyl-phenylalanyl- 
thio)-2-methylpropanoyl]-L-proline t-butyl ester as de8i- 
cribed in method XV, step 5 above. 

In the seventh step, the ester produced in step 6 ie 
30 deprotected with TFA in anisole to yield the desired compound. 

Acrylic acid can be substituted for methacrylic acid in 
step 2 of this method to obtain the 3-thiopropionic acid 
derivative. Any desired A group can be substituted for 
phenylalanine in step V to obtain a compound having the 
35 desired A group. Any desired R group can be coupled to the 
product of step 5 by substituting R for the benzoyl group in 
the benzoyl coupling compound used in step 6. 

XX 
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In a further method, methacrylic acid is- reacted, with 
L-proline t-butyl ester using the DCC method to produce 2- 
methylpropenoyl-L-proline t-butyl ester. 

In the second step, Ddz-phenylalanine is coupled to 
5 p-nitrophenol using the OCC method to produce Ddz-phenyl- 
alanine p-nitrophenol ester followed by reaction of this 
ester with NaSH to yield Ddz-thiophenylalanine as described 
in method XIX, step 1 above. 

In the third step, the product of step 1 is reacted 
30 with the product of step 2 to produce N a -[3-(N°-Ddz-phenyl- 
alanylthio)-2-methylpropanoyl]-L-proline t-butyl ester. 

In the fourth step, the product of step 3 is deprot- 
ected by irradiaton to produce N°-[3-phenylalanylthio-2- 
methylpropanoyl]-L-proline t-butyl eater as described in 
35 method XV, step 4 above. 

In the fifth step, the product of step 4 is coupled to 
any of the benzoyl coupling compounds described in method 
XIX, step 1 above to produce N°-[3-(N 0 -benzoyl-phenylalanyl- 
thio)-2-methylpropanoyl]-L-proline t-butyl ester as des- 
cribed in method XV, step 5 above. 

In the sixth step, the ester produced in step 5 is 
deprotected with TFA in anisole. 

In the seventh step, the product of step 6 is resolved 
using any of the conventional methods to yield the desired 
compound. 

As an alternative, N°-benzoyl-thiophenylalanine can be 
substituted for Ddz-thiophenylalanine in step 3, thus 
eliminating the need for steps 4 and 5. 

Acrylic acid can be substituted for methacrylic acid in 
step 1 of this method to obtain the propenoyl-L-proline 
derivative. Any desired A group can be substituted for 
phenylalanine in step 2 to produce a compound having the 
desired A group. Any desired R group can be coupled to the 
product of step 4 by substituting R for the benzoyl group in 
the benzoyl coupling compound used in step 5. 

XXI 

In this method, 3-acetylthio-2-methylpropionic acid is 
coupled to L-proline t-butyl ester preferably using the DCC 
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method to produce W a -(3-acetylthio-2-methylpropanoyl )-L- 
proline t-butyl ester. 

In the second step, the product of step 1 is dissolved, 
in an alkaline solution-, such as a mixture of methanol and 
5 ammonia, to yield N a -(3-mercapto-2-methylpropahoyl)-L-proline 
t-butyl ester. 

In the third step, the product of step 2 is resolved, 
for example, by using a metal chelate complex. 

In the fourth step, the resolved product is coupled to 
10 N a -benzoyl -phenylalanine (Bz-Phe) to yield N a -[3-(N°-benzoyl- 
phenylalanylthio-2-D-methylpropanoyl]-L-proline t-butyl 

ester. 

In the fifth step, the product of step 4 is deprotected 
with TFA in snisole to yield the desired compound as described 
15 in method XV, step 6 above. 

3-acetylthiopropionic acid or 2 -acetyl thiopropionic acid 
can be substituted for 3-acetylthio-2-methylpropionic acid 
in step 1 of this method to obtain the 3-thiopropionic acid 
or 2-thiopropionic acid derivatives. Any desired R-A compound 
2Q as described above can be substituted for Bz-Phe in step 4 to 
obtain a compound having the desired R and A groups. 

XXII 

In another method, the desired compound is synthesized 
using conventional solid phase techniques. See Advan . 
25 . Enzymol . , 32 , 221 (1969). An o-nitrobenzyl resin or a 
chloromethyTated resin can be used as the solid phase* 

In the first step, Boc-Pro is coupled to the resin. The 
proline is then deprotected using TFA. 

In the second step, 3-(N a -benzoyl-phenylalanylthio)-2- 
30 D-methylpropionic acid is coupled to the proline resin com- 
plex produced in step 1 using the DCC method* 

In the third step, the desired compound is cleaved from 
the resin. If o-nitrohenzyl resin is utilized, cleavage is 
accomplished by irradiation. If a chloromethyTated resin is 
35 utilized, cleavage is accomplished by using HF. 

Any desired compound can be obtained by substituting 
3-R-A-S-2-methylpropionic acid, 2-R-A-S-propionic acid or 
3-R-A-S-prdpibnic acid for" 3-N.°-bejnzoyl-phenylalanylthio)-2- ; 
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D-methylpropionic acid in- step 2.. 

XXIII 

In a further method using a solid phase technique, 8oc- 
Pro is coupled to a solid phase, such as o-nitrobenzyl resin, 
5 and then deprotected as described in step 1 of method XXII 
above. 

In the second step, 3-Cbo-thio-2-methylpropionic acid is 
coupled to the proline resin complex of step 1 using the DCC 
method. The acetyl group is then removed by treatment with 
3 an alkaline solution, such as methanol and ammonia. 

In the third step, protected phenylalanine is coupled to 
the product of step 2. The phenylalanine is protected with 
Boc, Bpoc, Ppoc or any other acid sensitive protecting group. 
In the fourth step, the product of step 3 is deprotected 
>■ using TFA. 

In the fifth step, the product of step 4 is coupled to 
any of the benzoyl coupling compounds described in step 3 of 
method XV above.. 

In the sixth step, N°-[3-fo a -benzoyl- P henylalanylthio)-2- 
methylpropanoyl]-L-proline is cleaved from the resin as des- 
cribed in method XXII, step 3 above. 

In the seventh step, the product of step 6 is resolved 
using well-known methods to yield the desired compound. 

N -benzoyl-phenylalanine can be substituted for the 
protected phenylalanine compound used in step 3. If this is 
done, steps 4 and 5 can be eliminated. 

3-acetylthiopropionic acid or 2-acetylthiopropionie acid 
can be substituted for 3-acetylthio-2-methylpropionic acid in 
step 2 to obtain the 3-thiopropionic acid or 2-thiopro P ionic 
acid derivatives. Any desired A group can be substituted for 
phenylalanine in step 3 to obtain a compound having the 
desired A group. Any desired R group can be coupled to the 
product of step 4 by substituting R for the benzoyl group in 
the benzoyl coupling compound used in step 5. 

XXIV 

In this method, thiophenylalanine phenyl esterhydro- 
chloride is first reacted with H 2 S in a slightly alkaline 
medium to produce thiophenylalanine hydrochloride. 
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In the second step, thiophehylalanine hydrochloride is 
reacted with methacrylic acid to form 3-phenylalanylthao-2- 
methylpropionic acid hydrochloride. 

In the third step, the product of step 2 is resolved 
using any conventional resolution method. 

In the fourth step, the resolved product of step 3 xs 
reacted with any of the benzoyl coupling compounds described 
in step 1 of method XIV above, such as the N-succinimidyl^ 
ester of benzoic acid or benzoyl chloride, to produce 3-<N - 
benzoyl-phenylalanylthio)-2-D-methylpropionic acxd. 

In the fifth step, the product, of step. 4 is coupled to 
the t-butyl ester of L-proline and then deprotected using 
TFA in anisole to yield the desired compound as described in 
step 4 of method XIV above. 

Steps 3 ant! 4 can be reveraed in this method if desired. 

Acrylic acid can be substituted for methacrylic acid in 
step 2 to obtain the 3-thiopropionic acid derivative. Any 
desired A group can be substituted for phenylalanine in step 
1 to obtain a compound having the desired A group. Any 
desired R group can be coupled to the product of step 3 by 
substituting R for the benzoyl group in the benzoyl coupling 
compound used in step 4. 

XXV 

In yet another method, benzbyl-thiophenylalanine (Bz-Phe- 
SH) is reacted with 3-bromo-2-methylpropionic acid to yield 3- 
(N°-benzoyl-phenylalanylthio)-2-methylpropionic acid. Chloride 
or iodine can be substituted for bromine in this reaction. 

In the second step, the product of step 1 is coupled to 
the t-butyl ester of L-proline followed by deprotection with 
TFA in anisole to yield the desired compound as described 
above in method XIV, step 4. 

By substituting 3-bromopropionic acid or 2-bromopropionic 
acid for 3-bromo-2-methylpropionic acid in step J i the 3- 
thiopropionic acid or 2-thiopropionic acid derivatives can be 
obtained. By aubstituting R-A T SH for Bz-P.he-SH in-etep 1, com- 
pounds having thfr desired R and A groups can be obtained. 

XXVI 
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In a further method, benryloxycarbonyl mercaptan (Cbo- 
SH) is reacted with methacrylic acid to produce 3-benzyloxy- 
carbonylthio-2-methylpropionic acid. The Cbo can be replaced 
with any acid sensitive amino protecting group. 
5 In the second step, the product of step 1 is resolved 

using any of the well-known resolution methods. 

In the third step, the resolved product of step 2 is 
coupled to the t-butyl ester of L-proline, preferably using 
the DCC method to produce N^-^-benzyloxycarbonylthio^-D- 
10 methylpropanoyl)-L-proline t-butyl ester. 

In the fourth step, the product of step 3 is deprotected 
with HBr and TFA in anisole to yield 3-mercapto-2-D-methyl- 
propanoyl -L-proline. 

In the fifth step, the product of step 4 is coupled to 
15 N-benzoyl-phenylalanine (Bz-Phe), preferably using the active 
ester method, to yield the desired compound. 

Acrylic acid can be substituted for methacrylic acid in 
step 1 to produce the 3-thiopropionic acid derivative. Any 
desired R-A compound can be substituted for Bz-Phe in step 5 
20 to obtain a compound having the desired R and A groups. 

XXVII 

In a further method, thiophenylalanine hydrochloride is 
reacted with methacrylic acid to produce 3-phenylalanylthio- 
2-methylpropionic acid hydrochloride. 
25 In the second step, the product of step 1 is reacted 

with benzoyl chloride in TEA to yield 3-(N°-benzoylphenyl- 
alanylthio)-2-methylpropionic acid. 

In the third step, the product of step 2 is resolved 
usxng any of the conventional resolution methods. 

In the fourth step, the resolved product of step 3 is 
coupled to the t-butyl ester bf L-proline and the resulting 
product is deprotected with TFA in anisole to yield the 
desxred compound as described in step 4 of method XIV above. 

^ Acrylic acid can be substituted for methacrylic acid in 
step 1 to produce the 3-thiopropionic acid derivative. Any 
desxred A-SH compound can be substituted for thiophenyl- 
alanxne in step 1 to produce a compound having the desired 
group. Any desired R group can be coupled tcr the product 
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of step 1 by substituting R for the benzoyl group in benzoyl 
chloride used in step 2. 

XXVIII 

In yet a further method, 3-acetylthio-2-raethylpropionic 
5 acid is reacted with o-nitrobenzyl alcohol to yield 3-acetyl- 
thio-2-methylpropionic acid o-nitrobenzyl ester. 

In the second step, the ester produced in step 1 is 
resolved using well-Jcnown. methods such as those described 
above. 

jq In the third step, the resolved product of step 2 is 

deprotected by irradiation, to yield 3-acetylthio-2-D-raethyl- . 

propionic acid. 

In the fourth step, the product of step 3 is coupled to 
the t-butyl ester of L-proline, preferably using the DCC 
15 method, to produce N°-(3-acetylthio-2-D-methylpropanoyl)-L- 
proline t-butyl ester. 

In the fifth step, the product of step 4 is mixed with 
an alkaline solution of ammonia, methanol and anisole to 
produce N 0 -(3-raercapto-2-D-meth.ylpropanoyl)-L-proline t- 

2Q butyl ester. 

In the sixth step, the product of step 5 is coupled to 
N a -benzoyl -phenylalanine (Bz-Phe), preferably using the 
active ester method, to produce N°-[3-(N a -benzoyl -phenyl- 
slanylthio)-2-D-methylpropanoyl]-L-p.roline t-butyl ester. 

25 Other protecting groups such as Boc or Cbo can be substitu- 
ted for Bz on the phenylalanine used in this reaction. 

In the seventh step, the product of step 6 is de- 
protected, for example with TFA in anisole, to yield the 
desired compound. 

30 3-acetylthiopropionic acid or 2-acetylthiopropionic acid 

can be substituted for 3-acetylthio-2-methylpropionic acid in 
step 1 to yield the 3-thiopropionic acid and 2-thiopropionic 
acid derivatives. Any R-A compound as described above can be 
substituted for Bz-Phe in step 6 to obtain a compound having 

35 the desired R and A groups. 

XXIX 

In a further method, 3-amino-2-methylpropionic acid is 
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first resolved using a conventional method to yield* 3-amino- 

2- D-methylpropionic acid. 

In the second step, the product of step 1 is reacted with 
sodium nitrite in HBr to produce 3-bromo-2-D-methylpropionic 
acid. Alternatively, HC1 and HNOj can be used to produce 

3- chloro-2-D-methylpropionic acid. As. a further alternative, 
3-hydroxy-2-methylpropionic acid can be reacted with PBr 3 to 
yield 3-bromo-2-methylpropionic acid. 

In the third step, the product of step 2 is reacted 
with N°-benzoyl-thiophenylalanine (Bz-Phe-SH) to produce 3- 
(N a -benzoyl-phenylalanylthio)-2-D-methylpropionie acid. 

In the fourth step, the product of step 3 is coupled with 
the t-butyl ester of L-proline and the resulting product is 
deprotected, for example with TFA. in, anisole, to yield the 
desired compound as described in step 4 of method XIV. 

3-aminopropionic acid or 2-aminopropionic acid can be 
substituted for 3-amino-2-D-methylpropionic acid in step 2 to 
obtain the 3-thiopropionic acid or 2-thiopropionic acid 
derivatives. Any R-A-SH compound can be substituted for 
Bz-Phe-SH in step 3 to obtain a compound having the desired 
R and A groups. 

XXX. 

In yet another method, 3-amino-2-methylpropionic acid is 
first resolved using a conventional method to yield 3-amino- 
2-D-methylpropionic acid as in method XXIX, step 1 above. 

In the second step, the product of step 1 is reacted 
with HBr in sodium nitrite to yield 3-bromo-2-D-roethyl- 
propionic acid as described in step 2 of method XXIX above. 

In the third step, the product of step 2 is reacted with 
thiobenzoic acid to produce 3-benzoylthio-2-D-methylpropionic 
acid. Thioacetic acid may be substituted for thiobenzoic acid 
in this reaction. 

In the fourth step, the product of step 3 is reacted 
in an alkaline solution, such as methanol and ammonia, to 
produce 3-mercapto-2-D-methylpropionic acid. 

In the fifth step, N a -benzoyl-phenylalanine (Bz-Phe) is 
reacted with N-hydroxysuccinimide using the MA method and the 
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resulting product is reacted with the product of step 4 to 
produce 3-(N°-benToyl-phen7lalanylthio)-2-D-cnethylpropionic 
acid as described in step 3 of method XI above. 

In the sixth step, the product of step 5 is reacted 
5 with N-hydroxysuccinimide using the MA method and the 

resulting product is reacted with L-proline to produce the 
desired compound as described above in method XI, step 5. 

By substituting 3-aminopropionic acid or Z-amino- 
propionic acid for 3-amino-2-D-methylpropionic acid in step 

10 2, the 3-thiopropionic acid or 2-thiopropionic acid deriva- 
tives can be obtained. Any R-A compound can be substituted 
for Bz-Phe in step 5 to obtain a compound having the deaired 
R and A groups. 

Whenever the D-configuration is indicated for the 

15 methyl side chain* of the 3-mercapto-2-methylpropionic acid 
group, it is to be understood that this is equivalent to 
saying the S-configuration. 

The compounds of this invention form basic salts with 
various inorganic and organic bases which are also within the 

20 scope of the invention-. Such salts include ammonium salts, 
alkali metal salts like sodium and potassium salts (which 
are preferred), alkaline earth metal salts like the calcium 
and magnesium salts, salts with organic bases, e.g., dicyclo- 
hexylamine salt, benzathine, N-methyl-D^glucamine, hydra- 

25 bamine salts, salts with amino acids like arginine, lysine 
and the like. The non-toxic, physiologically acceptable 
salts are preferred, although other salts are also useful, 
e.g., in isolating or purifying the product, as illustrated 
in the examples in. the case of the dicyclohexylaraine salt* 

30 The salts are formed in conventional manner by reacting 

the free acid form of the product with one or more equivalenta 
of the appropriate base providing the desired cation in a 
solvent or medium in which the salt is poorly soluble or 
insoluble, or in water and removing the water by freeze 

35 drying. By reacting the salt with an insoluble acid like a 
cation exchange resin in* the hydrogen form (e.g., poly- 
styrene sulfonic acid resin, like Dowex 50) or with an aqueous 
acid and extraction- with an- organic solvent , e.g. , ethyl 
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acetate, dichloromethane or the lake, the free acid form can 
be obtained, and if desired, another salt formed. 
Detailed Description of the Invention' 

For. convenience, details of the methods for preparing 
N°-[3-(N a -benzoyl-phenylalanylthio)-2-D-methylpropanoyl 1-L- 
proline are described in- the following examples. In the 
following examples, molar equivalents of the reactants were 
utilized. 



I. 

.a 



Step 1. Synthesis of N°-t-butyloxycarbonyl- 
■ L-thiophenylalanine phenyl ester. 

A solution of 3.98 gm of Boc-L-Phe in approximately 20 
ml of redistilled ethanol was cooled to -20°C in a methanol- 
ice-dry ice bath. To this solution was added 2.04 ml of N-ethyl- 
morpholine followed by 2.04 ml of isobutylchloroformate and 
the solution was stirred for 3 minutes at -15°C. 1.8 ml of 
thiophenol was then added and the resulting reaction mix- 
ture was stirred for 1 1/2 hours at -15°C. The reaction mix- 
ture was slowly warmed to room temperature and then stirred 
for an additional 2 hours. 20 ml of ethyl acetate was added 
and the mixture cooled in an ice bath. The organic phase 
was washed 3 times with cold water, 3 times with cold 1 N 
• citric acid, 3 times with cold saturated NaC1 , 3 times with 
cold 1 N NaHC0 3 and finally 3 times with cold saturated NaC1 . 
The organic phase was then dried over anhydrous MgSO^ and 
filtered. The solvent was removed with a rotary evaporator. 
The residue was crystallized from benzene-petroleum ether 
yielding 3.68 gm of white needles having a melting point of 
113.5°-114.5°C. Analysis of the product using IR, nmr, 
elemental analysis, paper electrophoresis and thin layer 
chromatography, showed the product to be the named compound. 
Step 2. Synthesis of N?-benzoyl-L- - 

thiophenyl alanine phenyl* ester , 
(i) 2 gm of the product from step 1 was added to 2.0 ml 
of anisole and cooled in an ice-acetone bath. The N°-Boc 
group was removed by stirring the mixture with 4 ml of an- 
hydrous TFA at room temperature for 30 minutes. TFA was 
removed at 30° with a rotary evaporator. . The. TFA and ani- 
sole were removed at 30°C with an evaporator under high 
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vacuum until white crystals first appeared* 

(ii) Then 10 ml of 5*7 M hydrogen chloride in ethanol 

was added and the mixture stirred for 10 minutes at room 

temperature. 15 ml of anhydrous ether was added and the 

5 mixture was cooled in an ice bath for 30 minutes* The 

solution was filtered and the crystals washed several times 

with ether. The crystals were dried over night irr a vacuum 

desiccator over NaOH pellets and P 2 0 5 yielding 1.03 gm of 

white crystals having a decomposition point of 164.5°-165°C. 

10 (iii) 1.12 gm of this product — hydrogen chloride salt 

of L-thiophenylalanine phenyl ester — was suspended in 15 ml 

of ethyl acetate with vigorous stirring. Then 0.45 ml of 

benzoyl chloride at room temperature was added. To this mix- 

3 

ture was added drop-wise a solution of 1.01 gm of Na 2 C0 in 

15. 10 ml of water and the resulting mixture stirred vigorously 

for another 30 minutes. The mixture was then cooled in an 

ice bath for 30 minutes and filtered. The residue was 

washed seven times with cold water* once with cold ethyl 

acetate and twice with anhydrous ether. The residue was then 

20 dried in a vacuum desiccator over NaOH pellets and P 2 °5 for 

several hours yielding 1*32 gm of white crystals having a 

decomposition point of 182°-183°C, Analysis of the product 

using IR, nmr, elemental analysis, paper electrophoresis and 

thin layer chromatography showed the product to be the named 

25 compound* 

Step 3* Synthesis of N a -benzoyl- 
•' L-thiophenylalattitte* ' 

A stream of nitrogen was bubbled into a solution of 1*01 
gm of NaSH in 25 ml of anhydrous ethaool with vigorous stir- 
ring and with the temperature maintained at 35°-4Q°C. 2*17 

30 gm of the product from step 2 was added over a period of 15 
minutes. The temperature of the reaction mixture dropped to 
approximately 20°C by the' end of the addition. The mixture 
was stirred vigorously at 20°C for 1 :i/2 hours. The' ethanol 
was removed with a rotary evaporator at 32°C. 3D ml of water 

35 was added and the solution cooled in an ice bath. The solu- 
tion was then acidified to pH 2 using 50S HjSO^. The mixture 
was allo.wad to stand in. the ice. bath fpj 30 minutes and then 
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filtered. The residue was washed several times with cold 
water and dried over night in a vacuum desiccator over NaOH 
pellets and P 2 °5' Tne res idue was recrystallized from 
benzene-hexane yielding 1.45 gm of white needles having a 
decomposition point of 1 08 . 5°-1 09. 5°C. Analysis of the 
product using IR, nmr, elemental analysis, paper electro- 
phoresis and thin layer chromatography showed the product to 
be the named product. 

Step 4. Synthesis of 3-(N°-benzoyl-L- 

phenylalanylthio)-2-methylpro- 
pionic acid.' 



IB A suspension of 285 mg of the product from step 3 and 

86.1 ul of methacrylic acid in 2 ml of toluene and was re- 
fluxed for several hours until the reaction was virtually 
completed as indicated by thin layer chromatography and 
paper electrophoresis. The mixture was then stored overnight 

-1 5 at room temperature. Solvent was removed with a rotary 

evaporator under high vacuum at 35»C yielding an oily residue. 
The residue was crystallized and recrystallized from benzene- 
n-hexane yielding 195 mg of white crystals having a melting 
point of 120°-122.5°C. Analysis of the product by IR, nmr, 
20 elemental analysis, paper electrophoresis and thin layer 
chromatography showed the product to be the named compound. 
Step 5. Resolution to yield 3-(N°-benzoyl- 

L-phenylalanylthio)-2-D-methyl- 
■ propionic acid. 

(A) The Product from step 4 is repeatedly crystallized 
from benzene to yield the named compound. By utilizing a 

25 seed crystal prepared according to the procedure described in 
Method XXIX steps 1-3 in the repeated crystallization pro- 
cedure, the named compound is obtained more rapidly and in 
higher yield. 

(B) The product from step 4 is dissolved in benzene. 
One equivalent of dicyclohexylamine is added to this solution 
end stirred for several hours. The mixture is let stand over- 
night at 4*C and then filtered. The crystals are washed and 
then dried in a vacuum desiccator. The crystals are 
dissolved in a mixture of wa ter and ethyl acetate. The mix- 

35 ture is acidified to P H 2 with concentrated HC1 in an ice 
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bath. The mixture is therr washed with* a solution of satur- 
ated NaC1. and dried with MgSO^. The solution is filtered 
and the solvent removed with a rotary evaporator. The named 
product is then crystallized from benzene. 

5 Step 6. Synthesis of N a -L3-(N°-benzoyl-L- 

pherrylalanylthio)-2-D^methyl-propanoyl J- 

L-proline. ' ' 

(A) (i) 2.5 mmoles of the product from step 5 is 
dissolved in 3 ml of dimethylformaraide (DMF) and cooled to 
0°C in an ice-acetone bath. 2.5 mmolee of DCC in 1.5 ml of 
BMF is added and the mixture stirred for 5 minutes a* 0°C. 
To this solution is added 2.5 mmoles of L-proline t-butyl 

10 ester in 1.5 ml of DMF. The reaction mixture is stirred 
overnight at 4°C. The reaction mixture is worked-up by 
addition of 10 ml of ethyl acetate and filtration. The 
precipitate is washed with 20 ml of ethyl acetate. The 
combined ethyl acetate fractions are chilled in a freezer. 

15 The organic phase is washed three times with saturated NaC1, 
once with cold 0.1 N NaHC0 ? and three times with saturated 
Nad.. The organic phase is dried with anhydrous MgSQ^ and 
filtered. Solvent is removed with a rotary evaporator 
under high vacuum yielding a white residue. (ii) The 

20 residue is suspended in 4 ml of anisole and reacted with 8 ml 
of TFA for 1 1/2 hours at room temperature with stirring. 
TFA is removed with a rotary evaporator under high vacuum. 
The residue is dissolved in 1 ml of tetrahydrofuran (THF) and 
chromatographed. The desired fractions are evaporated to 

25 dryness, dissolved in a small amount of isopropanol and re- 
chromatographed. The desired fractions yielding an oil are 
dissolved in THF and then the THF is evaporated under a 
stream of N 2 . The final product is obtained after removing 
the remaining solvent with a rotary evaporator under high 

30 vacuum. 

(B) A cool solution of 2.5 mmoles of DCC in DMF Is 
added drop-wise to a mixture of 2.5 mmoles of the product 
from step 5 and 2.5 mmoles of N-hydroxysuccinimide in DMF at • 
0°C. The reaction mixture is stirred for 30 minutes at 0°C 

35 and then overnight at 4°C. Crystalline dicyclohexylurea is 
removed by filtration and the precipitate washed with ethyl 
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acetate. Solvents from the combined filtrates are removed 
under reduced pressure and the residue crystallized from 
benzene-hexane. The crystals are dissolved in cold THF and 
then this solution is added to a cold solution of 2.5 
mmoles of L-Pro and 2.5 mmoles of NaHCOj in THF/water. The 
reaction mixture is stirred overnight at room temperature. 
The THF is removed with a rotary evaporator at 35°C. Water 
is added to the mixture and the pH is adjusted to 9 using 
solid NaHC0 3 . The aqueous phase is extracted with ethyl 
acetate. The aqueous phase is cooled in an ice bath and then 
acidified to P H 2 using 1 N HC1 in the presence of ethyl ace- 
tate. The organic phase is washed twice with cold water and 
then twice with saturated. NaC1 . The organic phase ia dried 
over anhydrous MgSO^ and filtered. The solvent is removed 
15 with a rotary evaporator and the residue is crystallized 
from ether-hexane yielding the named product. 

Alternative Procedures for Synthesizing 
N -benzov l-L-thiophenylalanine. __ 

(A) Boc-L-thiophenylalanine phenyl ester is prepared as 
described in step 1. The thio acid, Boc-L-thiophenylalanine, 
is prepared by substantially following the procedure des- 
cribed in step 3. Alternatively, this thio acid is prepared 
by reacting molar equivalents of Boc-L-Phe and H S using the 
mixed anhydride coupling method as described in J. Am. Cham . 
Soc. 21, 4726 (1952). The thio acid is reacted with hydrogen 
chloride in ethanol followed by reacting the product with 
benzoyl chloride or an active ester of benzoic acid as des- 
cribed in step 2 to yield the named product 
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(B) 



N -benzoyl-L-Phe is synthesized by reacting molar 



equivalents of benzoyl chloride and L-Phe in a sodium hydro- 
) xxde solution as described in J. Bio. Chem. T3fl. 627 (1941) 
The named product is synthesized by reacting-m^lar equivalents 
of N -benzoyl-L-Phe and H 2 S using the mixed anhydride coup- 
ling method substantially as described in J. Am. Chem. W 
74, 4726 (1952). " " * 

Alternative Procedure for Synthesizing 
3-(N -benzoyl-L-phenylalanylthio)-2-D- 
methylpropionic acid. 

Boc-L-thiophenylalanine is prepared as described in 
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Method IX, steps 1 and 2V The hydrogerr chloride solt of L- 
thiophenylalanine is prepared by reacting the Boc-L-thio- 
phenylalanine with HC1 in acetic acid with stirring at room 
temperature. Anhydrous ether is then added and the mixture 
cooled in an ice bath. The solution is filtered and washed 
several times with ether. The residue is dried overnight in 
a vacuum desiccator over NaOH pellets and P 2 °5 # The r * sult ~ 
ing product is reacted with methacrylic acid as described in 
st«p 4 to yield the hydrogen chloride salt of 3-L-phenyl- 
alanylthio-2-methylpropionic acid. This product can either 
be resolved by substantially following the procedure of step 
5 and then reacted with benzoyl chloride substantially as 
described in step 2(iii) to yield the named compound; or, 
this product can be reacted with benzoyl chloride substantially 
15 as described in- step Z(iii) and t he rr resolved. 

II 

Step 1. Synthesis of N a -Boc-L-thiophenyl- 
alanine phenyl ester. - m j_^ m 

The named compound was prepared by the procedure des- 
cribed in Method I, step 1. 

Step 2. Synthesis of N a -Boc-L-thiophenyl- 
* alanine ' 
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20 The named compound is prepared by substituting the prod- 

uct from step 1 for the N°-benzoyl-L-thiophenylalanine phenyl 
ester in Method I, step 3 and substantially following the pro- 
cedure described therein. Alternatively, the named compound 
can be prepared by following the procedure described in 3. Am . 

25 Chem. Soc. 74, 4726 (1952). 

Step 3~ Synthesis of 3-(M°-Boc-L-phenyl- 

alanylthio)-2-roethylpropionic acid * 

The named compound is prepared by substituting the prod- * 

uct from step 2 for the N A -berrzoyl-L-thiophenylalanine in 

Method I, step 4 and substantially following the procedure 

30 described therein. 

Step 4. Resolution to yield 3-CN°-Boc-L- 

phenylalanylthio)-2-D-nrethyl-' 

• ' propiofti"c acid. " 

The named compound is obtained upon resolution of the 

product of step 3 by substantially following the procedure 

described inr Method I > step 5. 



3 
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Step 5. Synthesis of N a -[3-(N a -benzo>l-L- 

phenylalanylthio)-2-D-methyl- 
propanoyl ]"-L-proline. 

(A) The product from step 4 is deprotected using TFA in 
anisole substantially following the procedure described in 
Method l f step 2(i). The resulting product is then reacted 

> with benzoyl chloride substantially following the procedure 
described in Method I, step 2 (III) to yield 3-(N°-benzoyl-L- 
phenylalanylthio)-2-D-roethylpropionic acid. The named product 
can be obtained by following the procedures described in Method 
I, step 6. 

(B) By substituting the product of step 4 for the 3- 
(N -benzoyl -L-phenylalanylthio ) -2-D-methylpropionic acid in 
Method I step 6(A) and substantially following the procedure 
described therein, N a -(3-L-phenylalanylthio-2 ; -D-methylpropan- 
oyl)-L-proline is obtained. This product is then reacted with 
benzoyl chloride substantially following the procedure des- 
cribed in Method I, step 2 (iii) to yield the named compound. 

Alternatively, by substituting the product of step 4 for 
the 3-(N -benzoyl-L-phenylalanylthio)-2-D-raethylpropionie acid 
in Method I, step 6(8) and substantially following the pro- 
cedure described therein, N a -[3-(N a -Boc-L-phenylalanylthio)-2- 
D-methyl P ropanoyl]-2-proline is obtained. This product is de- ■ 
protected by substantially following the procedure of Method I, 
step 2U). The named product is obtained by reacting the 
resulting product with benzoyl chloride as substantially des- 
crxbed in Method I, step 2(iii). 

Ill 

Step 1. Synthesis of N a -Cbo-l -phenylalanine 
penthachj.orophen:yl ester. 

A solution of 15 mmoles of Cbo-L-Phe in approximately 

60 ml of redistilled ethyl acetate is cooled to -20«»C in a 

methanol-ice-dry ice bath. To this solution is added 15 

mmoles N-ethyl morpholine followed by 15 mmoles of isobutyl- 

chloroformate and the solution is stirred for several minutea 

at -15»C. 15 mmoles of pentachlorophenol is added and the 

resulting reaction mixture is stirred for 1 1/2 hours at -15»C 

The reaction mixture is slowly warmed to room temperature and ' 

then, stirred for an. additional 2 hours. 100 ml of ethyl 
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acetate is added and the mixture cooled irr an ic« bath. The 
organic phase is washed several times with cold water, cold 
saturated NaCI , cold 1 N NaHCO, and finally with cold sat- 
urated NaC1. The organic phase is then dried over anhydrous 
MgS0 4 and filtered. The solvent is removed with a rotary 
evaporator. The residue is crystallized from ethyl acetate 
yielding the named product having a melting point of 153.5°- 
154°C. 

Step 2. Synthesis of the hydrogen bromide salt 
of L -phenyl alanine pentschlorophenyl 

ester. ; — 

The product from step 1 is reacted with hydrogen bromide 
in acetic acid with stirring at room temperature for 45 min- 
utes. Anhydrous ether is added and the mixture is cooled in 
an ice bath. The solution is filtered and the precipitate 
washed several times with ether. The precipitate is dried 
overnight in a vacuum desiccator over NaOH pellets and ^ 2 °5 
to yield the named product having a decomposition poiht of 
178°-18°C. 

Step 3. Synthesis of N a -benzoyl-L-phenyl- . 

alanine pentachlofcoEhenyl ester. 

By substituting the product from step 2 for the hydrogen 

chloride salt of L-thiophenylalanine in Method I, step 2(iii) 

and substantially following the procedure described therein, 

the named compound is obtained having a melting point of 

161°-162°C. 

Step 4. Synthesis of 3-(N a -benzoyl-L-phenyl- 
alanylthio)-2-methylpropionic acid* 

A solution of 10 mmoles of the product from step 3 in 
redistilled dioxane is added to a aolution of 10 mmoles of 
3-mercapto-2-methylpropionic acid in dioxane which is 
neutralized with N-ethyl morpholihe. The reaction mixture is 
stirred at room temperature until the reaction, as judged by 
thin layer chromatography, is completed. The solvent is 
removed under reduced pressure at 30°C and ethyl acetate is 
added to the residue. The mixture is cooled in an ice bath 
and washed with 0.1 N" HC1 and then several times with satur- 
ated NaC1. The solvent is removed with a rotary evaporator 
after drying over anhydrous MgS0 ft to yield the named product. 
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Step 5. Resolution- to yield 3-(N a -benzoyl-L- 

phenylalanylthio)-2-D-methyl- 
propionic acid. 

The named compound is obtained by following the proce- 
dure described in Method I, step 5. 

Step 6. Synthesis of N B -[3-N°-benzoyl-L-phenyl- 

alanylthio)-2-Drmethylpropanoyl]-L- 
proline. 

The named compound is obtained by following the pro- 
cedure described in Method I, step 6(A). 

IV 

Step 1. Synthesis of N°-benzoyl-D,L-thiophenyl- 
- alanine. 



The named product is synthesized by reacting molar equi- 
valents of N°-benzoyl-D,L-Phe and H 2 S using the mixed anhyd- 
ride coupling method substantially as described in. J. Am. Chem . 
Sot." 74,: 4726 (1?52).~- 

5tep 2. Synthesis of 3-(N a -benzoyl-D,L-phenyl- 

alanylthio)-2-methylpropionic acid. 

The named product is obtained by substituting the prod- 
uct of step 1 for the N°-benzoyl-L-thiophenylalanine of 
Method I, step 4 and substantially following the procedure 
therein. 

Step 3. Resolution to yield 3-(N°-benzoyl-D,L- 

: phenylala nylthio>-2-D-methylpropionic acid . 

The named product is obtained by substantially following 
the procedure described in Method I, step 5. 

Step 4. Synthesis of N°-[3-(N a -benzoyl-D,L- 

phenylalanylthio)-2-D-methylpropanoyll- 
L -proline. • ■ ■ ■ 

The named product is obtained by substituting the prod- 
uct from step 3 into Method I, step 6 and substantially 
following the procedure therein. 

V. 

Step 1. Synthesis o f 2-teethvl-bropenovl-t^prolinB . 
(i) A cool solution of 5 mmoles of DCC in dichloromethane 
25 is added drop-wise to a mixture of 5 mmoles of methacrylic acid 
and 5 mmoles of N-hydroxysuccinimide in dichloromethane at 0«C. 
The reaction mixture is stirred for 30 minutes at 0»C and then 
overnight at 4°C. Crystalline dicyclohexylurea is removed by 
filtration and the precipitate washed with ethyl acetate. Sol- 
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vents from the combined filtrates are removed under reduced 
pressure and the residue crystallized from benzene-hexane. 
The crystals are dissolved in- cold THF and then this solution 
is added to a cold solution of 5 romoles of L-Pro and 5 mmoles 
5 of NaHC0 3 in THF and water. The reaction mixture is stirred 
overnight at room temperature. The THF is removed with a 
rotary evaporator at 35°C. Hater is added to the mixture and 
the pH is adjusted to 9 using solid NaHCQj. The aqueous phase 
is extracted with ethyl acetate. The aqueous phase is cooled 

10 in an ice bath and then acidified to pH 2 using 1 N HC1 in the 
presence of ethyl acetate. The organic phase is washed with 
cold water and saturated NaC1 . The organic phase is dried 
over anhydrous MgS0 4 and filtered. The solvent is removed 
with a rotary evaporator and the residue is crystallized from 

15 ether-hexane yielding the named product.* 

(ii) 2.5 mmoles of methacryloyl chloride is added to a 
solution of 2.5 mmoles of L-proline in a mixture of water and 
sodium bicarbonate chilled in an ice bath with vigorous 
stirring. When the addition is completed, the mixture is 

20. stirred at room temperature for two hours, and then extracted 
with ether. The aqueous phase is acidified with 1.0 ,N" HC1 arid 
extracted with ethyl acetate. The organic phase is concen- 
trated to dryness in vacuo to yield the named product. 

(iii) A solution of 2.5 mmoles of methacrylic acid in 
25 redistilled ethyl acetate is cooled to -20°C in a methanol - 

ice-dry ice bath. To this solution was added 2.5 mmoles of N- 
ethyl morpholine followed by 2.5 mmoles tif isobutylchloro- 
formate and the solution is stirred for several minutes at 
-15°C. 2.5 mmoles of L-proline t-trutyl ester is then added 

30 and the resulting reaction mixture is stirred for 1 1/2 hours 
at -15°C. The reaction mixture is slowly warmed to room 
temperature and then stirred for an additional 2 hours. Ethyl 
acetate is added and the mixture cooled in an ice bath.' The 
organic phase is washed several times with cold water, cold 

35 1 N citric acid, cold saturated NaC1 , cold 1 N NaHCOj and 

finally with cold saturated NaCI.. The organic phase is dried 
over anhydrous MgSO^ and filtered. The solvent is removed 
with a rotary evaporator. The residue is crystallized from 
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benzene-petroleum ether. The t-butyl ester group is removed 
by substantially following the description thereof in 
Method I, step 6(A). 

Step 2. Synthesis of N°-[3-(N a -benzoyl-L- 

phenylalanylthio)-2-D-methylpropanoyl]- 
L-proline. • ■ ■ 

The product of step 1 is substituted for the methacrylic 
acid in Method I, step 4, and the method described therein is 
substantially followed to yield the 2-D,L-methyl-propanoyl 
derivative. This derivative is resolved by repeated crystal- 
lization from methanol-benzene-ether or by liquid chroma- 
tography to yield the named product. Alternatively, N°-2- 
methyl-propenoyl-L-Pro t-butyl ester can be used in place of 
the product from step 1. After resolution the resulting prod- 
uct is deprotected as described in step 1 to yield the named 
compound. 

VI 

15 Step 1. Synthesis of N a -benzoyl-L-phenylalanine . 

The named product is synthesized by reacting molar equi- 
valents of benzoyl chloride and L-Phe in a NaOH solution using 
the method substantially as described in J. Biol. Chem. 138. 
627 (1941 ). =*• 
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Step 2. Synthesis of 3-mercapto-2-methyl- 
propionic acid. 



A mixture of thioacetic acid (50 g) and methacrylic acid 
(40. 7g) is heated on a steam bath for 1 hour and then stored 
at room temperature for 18 hours. After confirming by nmr 
spectroscopy that complete reaction of methacrylic acid has 

25 been achieved, the reaction mixture is distilled in vacuo and 
the desired 3-acetylthio-2-n.ethylpropionic acid is separated 
in the fraction with boiling point 1 28. 5--1 31 »C and is con- 
centrated to dryness. The product (3.4 g) is dissolved in a 
mixture of water (10.5 ml) and concentrated ammonia (6.4 ml) 

30 After 1 hour the reaction mixture is diluted with water and ' 
filtered. The filtrate is extracted with ethyl acetate and 
then acidified with concentrated HC1 , saturated with NaC1 and 
extracted twice with ethyl acetate. The ethyl acetate extracts 
are washed with saturated NaCl and concentrated to dryness to 
35 yield the named product. 
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Step 3. Synthesis of 3-(N°-benzoyl -1- 

phenylalanylthio)-2-methyl- 

propionic acid. ' 

A solution of 25 mmoles of N a -benzoyl-L-Phe in re- 
distilled ethyl acetate is added to -20°C in a methanoyl- 
ice-dry ice bath. To this solution is added 25 mmoles of 
5 N-ethyl roorpholine followed by 25 mmoles of isobutylchloro- 
formate and the solution is stirred for several minutes at 
-15°C. 50 mmoles of N-hydroxysuccinimide acid is added and 
the resulting reaction mixture stirred for 1 1/2 hours at 
-15°C. The reaction mixture is slowly warmed to room temp- 
10 erature and 25 mmoles of 3-mercapto-2-methylpropionic acid, 
neutralized with N-ethyl morpholine, is added and then 
stirred until the reaction, as judged by thin layer chroma- 
tography, is completed. Ethyl acetate is added and the mix- 
ture cooled in an ice bath and acidified to pH 3 with 1 N 
15 HC1 • The organic phase is washed several times with cold 
water and cold saturated NaC1 . The organic phase is then 
dried over anhydrous MgSO^ and filtered. The solvent is 
removed with a rotary evaporatar. The residue is crystal- 
lized from benzene-petroleum ether yielding the named product, 

20 Step 4. Resolution to yield N a -[3-(N a -benzoyl- 

L-phenylalanylthio)-2-D-methylpropanoyl]- 
L -proline. ■ • - 

The named product is obtained by following the procedure 

described in Method I, step 5. 

Step 5. Synthesis of N a -[3-(N°-benzoyl-L- 
phenylalanylthio) -2-D-methylprop- 
anoyl]-L-proline. 

A solution of 10 mmoles of the product from step 4 in 
25 redistilled ethyl acetate is cooled to -20°C in a methanol- 
ice-dry ice bath* To this solution is added 10 mmoles of N- 
ethyl morpholine followed by 10 mmoles of isobutylchloro- 
formate and the solution is stirred for several minutes at 
-15°C. 10 mmoles of N-hydroxysuccinimide is then added and 
30 the resulting reaction- mixture stirred for 1 1/2 hours at 
-15°C. The reaction mixture is slowly warmed to room temp- 
erature and then stirred for an additional two hours. Ethyl 
acetate is add*d and the mixture cooled, in an ice bath. The 
organic phase is washed several times with cold water, cold 
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» 1 N NaHCO, and finally with cold saturated NaC1. The organic 

phase is then dried over anhydrous MgS0 4 and filtered. The 
solvent is removed with a rotary evaporator. The residue is 
crystallized from benzene-petroleum ether to yield the N- 
5 hydroxysuccinimide ester of 3-(N°-benzoyl -L-phenyl alanylthio)- 
2-D-methylpropionic acid. This product is dissolved in THF 
| and then the solution is added to a cold solution of 10 

f mmoles of L-Pro in THF.-water (1:1) containing NaHCOj. The 

mixture is stirred overnight at room temperature. Ethyl 
10 acetate is added and the mixture cooled in an ice bath. The 
organic phase is washed with cold water, cold 1 N citric acid, 
cold saturated NaC1 , cold 1 N NaHCOj and finally with cold 
saturated NaC1 . The organic phase is then dried over an- 
hydrous MgS0 4 and filtered. The solvent is removed with a 
15 rotary evaporator. The residue is crystallized from ether- 
hexane yielding the named product. 

VII 

Step 1. Synthesis of N a -benzoyl-L-thio- 
phenylalanine phenyl ester. 

The named product is obtained by substituting benzoyl-L- 
phenylalanine for the Boc-L-Phe in Method I, step 1 and sub- 
20 stantially following the procedure described therein. 

Ste P 2 - Synthesis o f N a -benzovl-L-thio P henylal a nine . 

The named product is obtained by following the procedure 
described in Method I, step 3 using the product of step t. 
Step 3. Synthesis of 3-(N°-benzoyl-L-phenyl- 

. alanylthi o)-2-methylpropionic acid. 

25 The named product is obtained by following the procedure 

described in Method I, step 4 using the product of step 2. 
Step 4. Resolution to yield 3-(N°-benzoyl-L- P henyl- 

alanylthi o)-2-D-methylpropionic acid. 

The named product is obtained by following the proce- 
dure described in Method I, step 5. 

30 Step 5. Synthesis of N a -[3-<N a -benzoyl-L-phenyl-. 

alan y^thio )-2-D-methylpropahoY-n-L-proline . 

The named product is obtained by following the procedure 
described in Method XI, step 5 using the product of step 4. 

VIII 

Step U Synthesis of N a -Boc-L-thiophenylalanine 
phenyl ester. ■ - .• - 
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The named product is obtained by following the procedure 
described in Method I, step 1. 

Step 2. Synthesis of N a ^Boc-t-thlophenylara>iine > 
The named product is obtained by following the procedure 
5 described in Method I, step 3. 

Step 3. Synthesis of 3-CN a -Boc-L-phenylalenyl- 
thio')'-2'-methylp < t'obioniC acid," ' 

The named product is obtained by following the procedure, 
described in Method IV, step 3. 

Step 4. Resolution to yield 3-(N°-Boc-L-p.henyl- 
alanylthio)-2-D-methylpropionic acid. 

10 The named product is obtained by following the procedure 

_des_cri'bed irr Method I, step 5. 

Step 5. Synthesis of 3-(N a -benzoyl-L-phenyl- 
alanylthio)-2-D-methylpropionic. -acid - 

By substituting the product from step 4 for the N°-Boc- 

L-thio-phen ylalanine ester in Method 1, step 2 and substantia- 

15 lly following the procedure of Method I, step 2, the named 

product is obtained. 

Step 6. Synthesis of N a -[3-(N a -benzoyl-L-phenyl- 

alanylthio)-2-D-methylpropanoyl]-t-proline . 

The named compound is synthesized by following the pro- 
cedure of Method XI, step 5. 

IX 

Step 1 . Synthesis of N a -benzoyl-L-phenylalanine . 
The named product is synthesized by following the pro- 
cedure described in Method XI, step 1* 

Step 2. Synthesis of 3-(N a -benzoyl-L-phenyl- 
alanylthio)-2-methylpropionic acid*' ' 

The named product is synthesized by substantially follow- 

25 ing the procedure described in. Method XI, step 3. Some race- 

mization may occur using this method. . 

Step 3. Resolution to yield 3-(N?-benzoyl-L-phenyl- 
alanylthio)-2-D-mathylpropioriic "acid* ~" 

The named product is obtained by following the procedure 

described in Method I, step 5. 

Step 4. Synthesis of N a -C3-(N a -benzoyl-L-phenyl- 
30 alanylthio)-2-D^methyrpropanoyl]-L-proline > 

The named product is synthesized by following the 
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procedure described in Method I, step 6(a). 

X 

Step 1. Synthesis of 3-(N a -Ddz-L-phenyl- 

alanylthio)-2-methylpropionic acid . 

Ddz-L-Phe is synthesized by following the procedure des- 
cribed in Liebigs Ann. Chero. 76 3. 162 (1972) or in Birr. C. , 
Peptide, 1972, Proc. of the 32th Eur. Pept. Synip. Hanson, H. 
and Jaknbke, H.D., Ed. Morth-Holland Publishers, p. 72 (1973). 
A solution of 10 mmoles of Ddz-L-Phe in redistilled dioxane 
is cooled in an acetone-ice-dry ice bath at -20°C. To this 
solution is added 10 mmoles of 1 , 1 -dicarbonyldiiroidazole (CDI) 
in dioxane. The solution is stirred at -10°C for 2 hours and 
then added to a cold solution of 10 mmoles of 3-mercapto-2- 
methylpropionic acid in dioxane which is neutralized with N- 
ethyl morpholine. The reaction is stirred at -10°C until the 
reaction as judged by thin layer chromatography, is completed 
and then slowly warmed to room temperature. The solvent is 
removed under reduced pressure at 30°C and ethyl acetate is 
added to the residue. The mixture is cooled in an ice bath 
and washed with 0.1 N HC1 and then several times with satur- 
ated NaCI. The solvent is removed with a rotary evaporator 
after drying over anhydrous MgS0 4 to yield the named product. 

Step 2*. Resolution to yield 3-(N°-Ddz-L-phenyl- 

_ alanylthi o)-2-D-n»Bthylproorionic acid. 

The named compound is obtained by substantially follow- 
ing the procedure described in Method I, step 5. 

Step 3. Synthesis of N°-[3-(N 0 -Ddz-L-phenyl- 

alanylthio)-2-Dimethylpropanoyl]-L- 
proline t-butvl ester. ■ • ■ 

The named compound is synthesized by substituting the 
product from step 2 for the 3-(N 0 -benzoyl-L-phenylalan y lthio)- 
2-D-methylpropionic acid in Method I, step 6(A)(1) and sub- 
stantial following the procedure described therein. 

Step 4. Synthesis of N a -[3-(L-phenylalanylthio)- 

2-D-n>ethvlpropanovl 3-L-proline t-butyl eater . 

The product from step 3 is dissolved in THF and cooled to 
20«C. The mixture transferred to a vial and irradiated with 
light of a wavelength 350nm for 5 hours. The THF is removed 
with a rotary evaporator to yield the named product. 
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Step 5. Synthesis of N c -[3-(N°-benroyl-L- 

phenyl alanyl thio ) -2-D-methylproponoyl ] - 
" ' ' L-proline t-butyl ester. 

The named compound is synthesized by substituting the 
product from step 4 in Method I, step 2(iii) and substant- 
ially following the procedure described therein. 

Step 6. Synthesis of N a -[3-(N a -benzoyl-L- 
5 phenylalanylthio)-2-D-methylpropanoyl]- 
L-proline. 

The named product is obtained by removing the t-butyl 
ester group of the product of step 5 by following the pro- 
cedure described in Method I, step 6(A)(ii). 

XI 

Step 1. Synthesis of 3-(N°-Bpoc-L-phenyl- 
alanyl t hio )-2-methylpropionic acid . 

3 G. N°-Bpoc-L-Phe is synthesized by following the procedure 

described in Helv. Chem. Acta' 51, 614 (1968). Tha named com- 
pound is prepared by substituting N a -Bpoc-L-Phe for the Odz- 
L-Phe in Method XV, step 1 and substantially following the 
procedure described therein. 

Step 2. Resolution to yield 3-(N a -Bpoc-L-phenyl- 
15 alanylthio)-2-D-methylpropionic* acid* 

The named compound is obtained by substantially follow- 
ing the procedure described in Method I, step 5. 

Step 3. Synthesis of N a -[3-(N a -Bpoc-L-phenyl- 

alanylthio)-2-D-methylpropanoyl]-L- 
proline-t-butyl ester. 

By substituting the product from step 2 for the 3-(N°- 
20 benzoyl-L-phenylalanylthio)-2-D-methylpropionic acid in 

Method I, step 6(A) (i) and substantially following the pro- 
cedure described therein, the named product is obtained.' 

Step 4. Synthesis of N a -[3-( L-phenylalanylthio)- 
2-D-methylpropanoyl ]-L-proline t-butyl 
ester. ■• ' " ■ ' ' ' 

The product from step 3 is dissolved in methylene 

25 chloride containing 0.5% TFA and stirred for 10 minutes. 

The TFA and methylene chloride is then removed with a rotary 

evaporator to yield the named product. 

Step 5. Synthesis of N a -[3-(N°-benzoyl-L-phenyl- 

alanyl thio )-2-D-methylpropanoyl ] -L-proline 
t-butyl ester. ' ' 
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The named product is prepared by substituting the prod- 
uct from step 4 in Method I, step 2(iii) and substantially 
following the procedure therein. 

Step 6. Synthesis of N a -[3-<N a -benzoyl-L-phenyl- 

i alanylthi o)-2-D-methylpropanoyl3-L-proline . 

The named product is obtained by removing the t-butyl 
ester group of the product of step 5 by following the proce- 
dure described in Method l r step 6(A)(iij. 

XII 

Step 1. Synthesis of 3-mercapto-2-methyl- 
propionic acid t-butyl ester. 

0.62 gm of 3-acetylthio-2-methylpropionic acid is added 
to a solution of 0.56 gm of 2-methylpropene in 1 N sulfuric 
acid at -10 8 C. The mixture is stirred for 30 minutes and 
then warmed to room temperature to yield 3-acetylthio-2- 
methylpropionic acid t-butyl ester. This product is diss- 
olved in a mixture of ammonia and water. After 1 hour the 
reaction mixture is diluted with water and filtered. The 
filtrate is extracted with ethyl acetate and then acidified 
with concentrated HC1 , saturated with NaC1 and extracted 
twice with ethyl acetate. The ethyl acetate extracts are 
washed with saturated NaC1 and concentrated to dryness to 
yield the named product. 

Step 2. Synthesis of 3-(N a -benzoyl-L-phenyl- 

alanylthio)-2-methylpropionic acid 
t-butvl ester. 

By substituting the product from step 1 for the 3- 
mercapto-2-methylpropionic acid in Method XI, step 3 and 
substantially following the procedure described therein, the 
named product is obtained. 

Step 3. Synthesis of 3-(N a -benzoyl-L-phenyl- 

alanylthi o)-2-methYlpropionic acid. 

The named product is. obtained by removing the t-butyl 
ester group of the product of step 2 by substantially follow- 
ing the procedure in Method 1, step 6(A)(ii). 

Step 4. Resolution to yield 3-(N°-benzoyl-L- 

phenylalanylthio)-2-D-methylprop- 
ionic acid. • 

The named product is obtained by following the pro- 
cedure described in. Method I, step 5. 
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Step 5. Synthesis of N*-[3-(benzoyl-L-phenyl 
alanylthio)-2-D-methylpropanoyl]-L- 

proline . ' 

The named product is synthesized by following the pro- 
cedure described irr. Method I, step 6(A). 

XIII. 

Step 1. Synthesis of 3-mercapto-2-methyl- 
propionic acid" t -butyl* ester'.* ' 

5 The named product is synthesized following the procedure 

described in Method XVII, step I. 

Step 2. Synthesis of 3-(N a -Ppoc-L-phenyl- 
alanylthio)-2-methylpropionic acid 

t-butyl ester. — • 

By substituting N a -Ppoc-L-Phe (which is prepared by 
following the procedure described in Int. J. Peptide Protein 
10 Res. 6, 111 (1374)) for the N. a -E>dz-L-Phe and by substituting 
the product from step 1 for the 3-mercapto-2-methylprop- 
ionic acid in Method XV, atop 1 and aubstantially following 
the procedure described therein, the named product is 
obtained. 

15 Step 3. Synthesis of 3-L-phenylalanylthio- 

2-methyloropiotVic acid t-butyl ester . 

The product from step 2 is dissolved in methylene chlor- 
ide containing 0.5% TFA and stirred for 10 minutes. The TFA 
and methylene chloride is then removed with a rotary evaporator, 
to yield the named product. 

Step 4. Synthesis of 3-(N°-benzoyl-L-phenyl- 
20 alanylthio ) -2-methylpropionic acid 
• t-butyl ester. 

The named product is synthesized by reacting molar equi- 
valents of benzoyl chloride and the product from step 3 in a 
mixture of ethyl acetate and water containing NaHCO^. 

Step 5. Synthesis of 3-(N a -benzoyl-L-phenyl- 
alanylthib)-2-roethyl'propionic acid.' * 

25 The named product is obtained by removing the t-butyl 

ester group of the product of step 4 by substantially 

following the procedure in Method I, step 6(A) (ii). 

Step 6. Resolution to yield 3-(N a -benzoyl-L- 

phenylalanylthio)-2-D-methyl -propionic 
acid. 

The named product is obtained by following the procedure 

30 described in* Method I, step 5. 
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Step 7. Synthesis of N°-[3- (N a -benzoyl -L- 

phenylaianyl thio )-2-D-methyl- 
propanoyl ]-L -proline, 

The named product is synthesized by following the pro- 
cedure described in Method I, step 6(A), 

XIV 

Step 1. Synthesis of N tt -Ddz-L-thiophenylalanine . 

5 mmoles of N a -Ddz-L-Phe is dissolved in DMF and cooled 
to 0°C in an ice-acetone bath. 5 mrnoles of DCC in DMF is 
added and the mixture is stirred for several minutes at 0°C. 
To this solution is added 5 mrnoles of p-nitrophenol in DMF. 
The reaction mixture is stirred overnight at 4°C. The solvent 
is removed by a rotary evaporator. Ethyl acetate is added 
and the mixture filtered. The residue is washed with ethyl 
acetate. The combined ethyl acetate fractions are chilled in 
a freezer. The organic phase is washed three times with cold 
1 N NaHC0 3 and finally three times with saturated NaC1. The 
organic phase is dried over anhydrous MgSO^ and filtered. 
Solvent is removed with a rotary evaporator under high vac- 
uum. By substituting this product for the benzoyl -L-thio- 
phenylalanine phenyl ester of Method I, step 3 and sub- 
stantially following the procedure described therein, the 
named product is obtained. 

Step 2. Synthesis of 3-(N a -Ddz-L-phenyl- 

alanylthio)-2-methylpropionic acid . 

By substituting the product from step 1 for the N a - 
benzoyl-L-thiophenylalanine of Method I, step 4 and sub- 
stantially following the procedure described therein, the 
named product is obtained. 

Step 3. Resolution to yield 3-(N a -Ddz-L-phenyl- 

alan.ylthio)-2-D-methylpropionic acid. 

The named compound is obtained by substantially follow- 
ing the procedure described in Method I, step 5. 
Step 4. Synthesis of N-[3-(N a -Ddz-L-phenyl- 

alanylthio)-2-D-methylpropsnoyl]-L- 
proline t-butyl ester. 

The named product is synthesized by substituting the 

product from step 3 for the 3-< N a -benzoyl-L-phenylalanyl- 

thio)-2-D-methylpropionic acid in Method I, step 6(A)(i) and 

substantially following the procedure described therein. 
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Step 5. Synthesis- of N?-[3-(L-phehyl-alanyithio)-2- 
D-methylpropanoyll-L- proline t-butyl ester. 

The named cbmpbuna is synthesized by following the 
procedure of Method XV, step. 4. 

Step 6. Synthesis of N a -[3-(N a -benzoyl-L-phenyl- 
. alanylthio)-2-D-methylpropanoyl]-L- 

• • proline t-bu *'yl' eater, 

The named product is synthesized by reacting molar 
equivalents of benzoyl chloride and the product from step 5 
in a mixture of ethyl acetate and water containing NaHCO^. 

Step 7. Synthesis of N a -[3-(N a -benzoyl-L- 

phenylalanylthio)-2-D-methylpropanoyl J- 

. . L-proline» - • * - ' - 

the named product is synthesized by removing the t-butyl 
ester group of the product of step 6 by following the pro- 
cedure described in. Method I, step 6(A) (ii)* 

XV* ; 

Step 1. Synthesis of 2-methyl-p.ropenoyl-L- 
proline t-butyl ester, 

A cool solution of 2 ramoles of DCC in DMF is added drop- 
wise to a mixture of 2 mmoles of methacrylic acid and 2 
mmoles of L-proIine t-butyl ester- in DMF at 0°C. The reaction 
mixture is stirred for 30 minutes and then overnight at 4°C* 
Crystalline dicyclohexylurea is removed by filtration and 
the precipitate is washed with ethyl acetate* Solvents from 
the combined filtrates are removed under pressure and the 
residue is crystallized from beozene-hexane to yield the 
named product. 

Step 2- Synthesis of H°-Ddz-L-thiophenylalanine « 
The named compound is prepared following the procedure 
described in Method XIX, step 3. 

Step 3. Synthesis of M a -p-(N ot -Ddz r L-phenyl- 

alanyltbio)-2-methylpropanoyl]-L- 

. pfrolitte" 't -butyl* Vstierr • 

By substituting the product of step 2 for the benzoyl-L- 

thiophenyl alanine and the* product of step 1 Tor the meth- * 

acrylic acid of Method I, step 4 and substantially following 

the procedure described therein-, the named product is obtained. 

Step 4. Synthesis of N°-C3-(L-phenylalanylthio)- 

2-methylpropanoyll-L-proline t-butyl "ester * 

. The: named compound is synthesized by .following the 
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procedure of Method XV step h. 

Step 5. Synthesis of N'°-[3- (N a -benzoy.l -L-pheny.l - 
alanylthio)-2-methylpropanoyl 1-L-proline 
t-butyl ester. • 

The named compound is synthesized by following the pro- 
cedure described in Method XIX, step 6. 

Step 6. Synthesis of N°-[3-(N a -benzoyl-L-phenyl- 

aIanylthio)-2-methylprdpahoyl]-.L-proline . 

The named compound is obtained by removing the t-butyl 
ester group of the product of step 5 by following the pro- 
cedure of Method I, step 6(A)(ii). 

Step 7. Resolution to yield N a -[3-(N°-benzoyl-L- 

phenylalanylthio)-2-0-methylpropanoyl]- 
L -proline . 

The named compound is obtained by substantially follow- 
ing the procedure described in. Method X step 2. 

XVI 

Step 1. Synthesis of 3-acetylthio-2-methyl- 
Propanoyl- L-proiine t -butvl eat»r. 

By substituting J-acetylthio^-methylpropionic acid for 
the methacrylic acid in. Method XX, step 1 and substantially 
following the peocedure described therein, the named com- 
pound is obtained. 



Step 2. 



The product from step 1 is dissolved in a mixture of 
methanol and concentrated ammonia. After 1 hour the reaction 
-xture is diluted with water and filtered. The filtrate is 
extracted with ethyl ace tate and then acidified with concen- 
trac ed HC1 , saturated with NaC1 and extracted twice with 
ethyl acetate. The ethyl acetate extracts are washed with 
saturated Na C1 and concentrated to dryness yielding the 
named product. 

Step 3 Resolution to yield 3-mercapto-2-D-methyl- 
Propanovl-L- nroline t-hufyi ester """V 1 - 

tooraT P "K UCt fr ° m St6P 2 ^ reS ° 1Ved ° Sing "'I"" Ch «— 
tography or by forming a metal chelate complex to yield the 
named product. 

Step 4. Synthesis of N a -[3-(N°-benzoyl-L-phenyl- 
^anylthio^-D-methylpropano^-L 
Proline-t -butyl eater. 
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The named product is synthesized by substituting the 
product from step 3 for the 3-mercapto-2-mettTylpropionic pcid 
in Method XI, step 3 end substantially following the proce- 
dure described therein.. 

Step 5. Synthesis of N. a -L3-(N a -benzoyl-L- 
5 phen7lalanylthio-)-2-D-methylpropanoylJ- 

L-prbline» 

The named product is synthesized by removing the t- 
butyl ester group of the product of step 4 by following the 
procedure described in Method I, step 6(A)(ii). 

XVII 

This method involves the use of conventional solid phase 
10 technology for peptide synthesis. For a general reference to 
this technology, see Advan. Enzymol. 32 , 221 (1969). 
Step 1. Coupling L-Pro to a solid phase resin . 
Using standard methodology, a solution of N c -Boc-L-Pro 
in ethyl acetate is mixed with a solid phase resin having 3- 
15 nitro-4-bromomethylbenzylamide groups attached thereto, in 
the presence of diisopropylethylaroine. Excess N a -Boc-L-Pra 
is removed by washing with ethyl acetate, methanol and then 
dichloromethane. A solution of 25S TFA in dichloronrethene 
containing 1 mg/ml of indole is then added to the resin hav- 
20 ing N a -Boc-L-Pro bound thereto resulting in the removal of 

the Boc protecting group. The resin is washed with dichloro- 
methane. 

Step 2. Coupling of 3- (N a -benzoyl-L -phenyl - 
alanylthio)-2-D-methylpropianic acid 
to the product of Step 1. 

A solution of the named compound and OCC in OMF and 
25 dichloromethane (1:1) mixed with the resin from step 1. The 
named compound is coupled to the proline in this step result- 
ing in the product N a -[3-(N a -benzoyl-L-phenylalanylthio)-2- 
D-methyl-propanoyl]-L-proline bound to the o-nitrobenzyl 
groups of the resin. The excess reactants are removed by 
30 washing with ethanul and then dichloromethane. The product * 
is dried under a stream of dry nitrogen. 

Step 3. Cleavage of N a -[3-(N°-benzoyl-L-phenyl- 
alanylthio)-2-D-taethylpropanoyl3-4--' 
proline from the resin. 

The material from step 2, in- methanol,, is irradiated 
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using light with a wavelength of 350 nm as described in J. 
Am. Chem. 97 , J575 (1975). The named product is washed from 
the resin- using ethyl acetate. The solvent is removed by a 
rotary evaporator to yield the named product. 

XVIII 

Step 1. Coupling of L-Pro to a solid phase resin . 
L-Pro is coupled to a resin as described in Method 
XXII, step 1. 

Step 2. Coupling of 3-mercapto-2-methyl- 
propionic acid to the product of step 1 . 

By substituting 3 -Cbo-2-methylpropionic acid for the 
3-(N°-benzoyl-L-phenylalanylthio)-2-D-methylpropionic acid 
in Method XXII, step 2 and following the procedure of step 2, 
this compound is coupled to the L-Pro bound to the resin. A 
solution of TFA is mixed with the resin removing the Cbo 
group yielding the named compound. The resin is washed with 
ethanol and then dichloromethane. 

Step 3. Cou pling of L-Phe to the product of step 2. 
A solution of N a -Boc-L-Phe and DCC in DMF and dichloro- 
methane (1:1) is mixed with the resin of step 2. This product 
is coupled to the mercapto group of the compound attached to 
the resin. Excess reactants are removed by washing with 
ethanol and then dichloromethane. A solution of 25% TFA in 
dichloromethane (1 mg/ml indole) is mixed with the resin to 
remove the Boc protecting group resulting in N a -(3-L-phenyl- 
alanylthio-2-methylpropanoyl)-L-proline being bound to the 
resin. Excess TFA is removed by washing with dichloro- 
methane. 

Step 4. Coupling of the benzoyl group to the 
product of step 3. 

A solution of benzoyl chloride in DMF containing 1 
equivalent of TEA is mixed with the resin of step 3. The 
benzoyl group is coupled to the amino group of the Phe. The 
excess reactants are removed by washing with ethanol and the 
dichloromethane resulting in N°-[3-(N !, -benzoyl-L-phenyl- 
alanylthio)-2-methylpropanoyl]-L-proline bound to the resin. 

Step 5. Cleavage of N°-[3-(N°-benzoyl-L-phenyl 

alanylthio)-2-methylpropanoyl]-L-proline 
from the resin.. 
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The named product is cleaved from the resin by follow- 
ing the procedure described in* Method XXII, stop 3. 

Step 6. Resolution* to yield N°-[3-(benzoyl -L- 

phenylalanylthio(-2-D-methylpropanoyl]- 
L -proline . ■ 

The named product is obtained by substantially following 

5 the procedure of Method X, step 2* 

XIX 

Step 1. Synthesis of L-thiophenylalanine 
hydrochloride. 

L-thiophenylalanine phenyl ester hydrochloride is pre- 
pared by following the procedure described in Liebiqs Ann. 
Chem. 576 , 104 (1952). 
10 I he named product is prepared by substantially following 

the procedures described in Chem. Bar. 67 , 1093 (1954) and 
Naturwisaenschaftqn -4t} , -242. (1953). 

Step 2. SynthesTs of 3-(L-phenylalanylthio)-2- 
' methylproplonic acid hydrochloride. 

By substituting L-thiophenylalanine hydrochloride for 

15 the N-benzoyl-L-thiophenylalanine in Method I, step 4 and 

substantially following the procedure described therein, the 

named product is obtained* 

Step 3. Resolution to yield 3-L-phenylalanylthio- 
2-D-methylpropionic acid. • 

The product from step 2 is resolved by substantially 

20 following the procedure described in Method I, step 5 or by 

ion exchange chromatography. 

Step 4. Synthesis of 3-(N a -benzoyl-L-phenyl- 
alanylthio ) -2-D-methylpropionic acid . 

10 mrooles of N-succinimidyl ester of benzoic acid is 

dissolved in cold THF and then this solution is added to a 

25 cold solution of 10 mmoles of the product from step 3 and 10 
mmoles of NaHCOj in THF and water. The reaction mixture is 
stirred overnight at room temperature. The THF is removed 
with a rotary evaporator at 35°C. Water is added to the mix- 
ture and the pH is adjusted to using solid NaHCO^. The aqueous 

30 phase is extracted with ethyl acetate. The aqueous phase is 
cooled in an ice bath and then acidified to pH 2 using 1N HC1 
in the presence of ethyl acetate. The organic phase is 
washed twice with cold water and then twice with saturated 
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NaC1 . The organic phase is dried over anhydrous MgSO^ and 

filtered. The solvent is removed with a rotary evaporator 

and the residue is crystallized from ether-hexane yielding 

the named product. 

Step 5. Synthesis of N a -[3-(N-benzoyl-L-phenyl- 
alanylthio )-2-D-methyl ]-L -pro line. 

The named product is synthesized by following the 

procedure described in Method I, step 6(A). 

XX 

Step 1. Synthesis of 3-(N a -benzoyl-L-phenylalanyl- 
thio )-2-D-methylpropionic acid. 

15 mmoles of 3-bromo-2-methylpropionic acid is dis- 
solved in aqueous 1N N'aOH and the solution is chilled in an 
ice bath. A mixture of 15 mmoles N a -benzoyl-L-thiophenyl- 
alanine and K 2 co j in water is added and the mixture is stirred 
overnight at room temperature* After acidification with 
concentrated HC1 , the aqueous solution is extracted with 
ethyl acetate and the organic phase is washed with water, 
dried and concentrated to dryness. This product is then 
resolved by following the procedure described in Method I, 
step 5 to yield the named product. Alternatively, 3-broroo-2- 
D-methylpropionic acid can be used for the starting material 
thus eliminating the resolution step. 

Step 2. Synthesis of N a -[3-(N a -benzoyl-L-phenyl- 

alanylthio )-2-D-methylpropanoyl ]-L-proline . 

The named product is obtained by following the procedure 
described in Method I, step 6 (A). 

XXI 

Step 1. Synthesis of 3-benzyloxycar bonylthio- 
2-methylpropionic acid. . 

By substituting benzyl thioformate for the N°-benzoyl-L- 
thiophenylalanine in Method I, step 4 and substantially follow- 
ing the procedure described therein, the named product is 
obtained. 

Step 2. Resolution to yield 3-benzyloxycarbonylthio- 
2-0-methylpropionic acid. 

The named product is obtained by resolving the product 
of step 1 by crystallization as a salt or by liquid chroma- 
tography. 
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Step 3. Synthesis of N?-[3-(benzyloxycarbonyl thio ) - 

2-D-methylpropanoyl]-L-proline t-*butyl ester . 

By substituting the product of step 2 for the 3-(N a - 

benzoyl-L-phenylalanylthio)-2-D-cnethylpropionic acid in 

Method I, step 6 (A)(i) and substantially following the pro-; 

cedure described therein, the named product is obtained. 

Step 4. Synthesis of - ^*-(3-mercapto-2-D- 
ffletftylTprop*am>yr)-V-p " 

The product from step 3 is suspended in anisole and 
reacted with HBr in acetic acid for 1/2 hour at room temper- 
ature with stirring. Ethyl ether is added to the mixture 
and cooled to 0°C for 1 hour. The precipitate is collected 
by filtration and washed . several times with anhydrous ether. 
The desired product is dried in a vacuum desiccator over NaOH 

pellets and ^2^5* 

Step 5. Synthesis of N*-[3-N a -(benzoyl-L -phenyl - 
alanylthio)-2-P<-methylpropanoyl]-L-prolinB « 

The named product is obtained by substituting the prod- 
uct from step 4 for the 3-mercapto-2-methylpropionic acid in 
Method XI step 3 and substantially following the procedure 
described therein. 

XXII 

Step 1. Synthesis of 3-L-phenylalanyltftio-2- 
methylpropionic acid. ' " 

Molar equivalents of N a -Boc-L-Phe and t^S are reacted 

using the mixed anhydride coupling method as described in JL 

Am. Chem. Soc. 74, 4726 (1952) to yield N°-Boc-L-thiophenyl- 

alanine. The Boc protecting group is removed by following 

the procedure* described in Method I, step 2 (i). In this 

procedure the TFA and anisole are completely removed before 

proceeding. By substituting the resulting L-thiophenylalanine 

for the N-benzoyl-L-thiophenylalanine of Method I, step 4 and 

substantially following the procedure described therein, the 

named product is obtained. 

Step 2. Synthesis of 3-(N*-benzoyl-L--phenyl- 
alanylthio)-Z-methylfrropTonic acid. 

2 mmoles of the product from step 1 is suspended in 

THF and water (7:3) containing 4 mmoles of NaHC0 ? with 

vigorous stirring. Then 2 mmoles of benzoyl chloride at room 
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temperature is added and the resulting mixture stirred 

vigorously for 1 hou*. Ethyl acete is added and the mixture 

is adjusted to pH 2 with 1. N HC1 at 0°C. The organic phase 

is washed with saturated NaC1 9 dried over MgSO^ and filtered* 

5 The solvent is removed with a rotary evaporator. The residue 

is crystallized and recrystallized from benzene n-hexane 

yielding white crystals. 

Step 3. Resolution to yield 3-(N a -benzoyl-L- 
phe nyl al an ylthio) -2 -D-methyl propionic acid . 

The named product is obtained by following the procedure 

10 described in Method I, step 5. 

Step 4. Synthesis of N a -[3-(N a -benzoyl-L-phenyl- 
alanylthio)-2-D-methylpropanoyl ]-L -proline . 

The named product is obtained by following the procedure 

described in Method I, step 6(A). 

XXIII 

Step 1. Synthesis of 3-acetyl thio-2-methyl - 
propionic acid o-ni trobenz yl ester* 

15 10 mmoles of 3-acet ylthio-2-methylpropionic acid in 2- 

fluoro-1 ,3 , 5-trinitrobenzene (FTNB) is added to a solution of 
10 mmoles of o-nitrobenzyl alcohol in FTNB with stirring at 
room temperature. The reaction mixture is stirred for 11/2 
hours and the solvent is then removed by a rotary evaporator 

20 yielding the named compound. 

Step 2. Resolution to yield 3-acet ylthio-2-D- 
methylpropionic acid o-ni t robenzyl ester . 

The product from step 1 is resolved using liquid chroma- 
tography to yield the named product. 

Step 3. Synthesis of 3-acetyl thio-2-D-methyl- 
propionic acid. 

25 The product from step 2 is irradiated using light with 

a wavelength of 350 nm as described in J. Aw. Chem. Soc. 97 . 

1575 (1975). — 

Step 4. Synthesis of N a -<3-acetylthio-2-D-methyl- 
propanoyl)-L -proline t-butyl ester." 

By substituting the product from step 3 for the 3-(N°- 

30 benzoyl-L-phenylalanylthio)-2-D-methylpropionic acid in 

Method I, step 6 (A)(i) and substantially following the 

procedure described therein, the named product is obtained. 
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Step 5. Synthesis of N?-<3-nrercapto-2-D-methyl - 
propanoyl )-L-proline t-butyl ester* 

The product from step -4 is dissolved in a mixture of 

concentrated ammonia, methanol and anisole. After 1 hour the 

solvent is removed under pressure and the residue is crystal- 

5 lized from benzene-hexane to yield the named product. 

Step 6. Synthesis of N a -D-(N°-benzoyl-L-phenyl- 

alanylthio)-2-D-raethylpropanoyl]-L- 
proline t-butyl ester.' ' 

By substituting the product from step 5 for the 3-mer- 

capto-2-D-nethylpropanoyl-L-proline in Method XI step 3 and 

following the procedure deecribed therein, the named product 

10 is obtained. 

Step 7. Synthesis of N a -[3-(N°-benzoyl-L-phenyl- 
alanylthio)-2-R-toethylpropanoyl3-L-proline . 

The t-butyl ester is remov.ed from the product of step 6 

by following the procedure described in Method I, step 6 (A) 

(ii) to yield the named product. 

XXIV 

Step 1. Resolution to yield 3-araino-2-D-methyl- 
^ ^ propionic acid. - 

3-amino-2-methylpropionic acid is resolved to yield the 

named compound by following the procedure described in J. Biol . 

Chem. 236 , 3283 (1961). 

S"Eep 2. Synthesis of 3-bromo-2-D-methyl- 
• propionic acid. - 



2Q The product from step 1 is dissolved in water and the 

resulting solution is cooled to -5°C. To this solution is 
added a little NaNO^ and 483 HBr in water. The mixture is 
stirred for 30 minutes and then slowly warmed to room m 
temperature. The solvent is removed by a rotary evaporator 

25 yielding the named product. 

Step 3. Synthesis of 3-<N?-benzoyl-L-phenyl- 
alanylthidO^-D-methfylpropionlc "acid . 

The named product is obtained by following the pro- 
cedure described in* Method XXV., step 1. 

Step 4.. Synthesis of N?-[3-<N a -benzoyl-L-phenyl- 

al a n y 1 th i o ) -2 -D-met hylp rop ano ylT-l HP rol i'ne . 



30 The named product is obtained by following the procedure 

described in Method I, step 6(A). 
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xxv 

Step ? . Resolution to yield 3-amino-2-D-methyl - 
propionic acid* • - 

3-amino-2-r;ethyiprcpionic acid is resolved to yield the 

named compound following the procedure described in J. Biol . 

Chem. 236, 3283 (1961). 

Step 2. Synthesis of 3-bromo-2-D-methyl- 
propionic acid'. 

The named product is obtained by following the procedure 
described in Method XXIX, step 2. 

Step 3. Synthesis of 3-benzoyl thio-2-D-metbyl- 
propionic acid. 

By substituting thiobenzoic acid for the N-beozoyl-L- 

thiophenylalanine in Method XXV step 1 and using the product 

from step 2 and following the procedure described therein, the 

named product is obtained. 

Step 4. Synthesis of 3-mercapto-2-D-methyl- 
' propionic acid.' • ■ - 

The benzoyl group is removed by following the procedure 

described in Method XI step 2 to yield the named product. 

Step 5. Synthesis of 3-(N°-benzoyl-L-phenyl- 
alanyrthio)-2-.D-methylpropionic acid . 

The named product is prepared by following the procedure 
described in Method XI, step 3 utilizing the product from step 
4 as one of the reactants. 

Step 6. Synthesis of N a -[3-<N a -benzoyl-L-phenyl- 

alanylthio)-2-.D-methylpropanoyl] -[.-proline. 

The named product is synthesized by following the pro- 
cedure described in Method XI step 5. 

XXVI 

Step 1. Synthesis of 3-benzoylthio-2-D-methyl- 
Propionic acid t-butyl ester. 

25 mmoles of 3-benzoylthio-2-D-methylpropionic acid 
is dissolved in dichloromethane plus 0.5 ml concentrated 
sulfuric acid. A stream of isobutylene is passed through the 
solution with stirring for 60 minutes. The reaction vessel is 
closed and the solutiorr stirred for 16 hours. The named 
product is extracted from water with ether. The solvent is 
removed with a rotary evaporator and then high vacuum. 
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Step 2. Synthesis of 3-merc'aptcr-2-D-inethya- 
propionic acid t-butyl ester. 

The product from step 1 is dissolved in methonolic 

ammonia under nitrogen gas. After one hour, the solvent is 

removed. The residue is dissolved in ether, cooled in an ice 

5 bath and then washed with 0.1N HC1 and then saturated NaC1 . 

The organic phase is dried over anhydrous MgSQ^ and then 

filtered. Solvent is removed with a notary evaporator. The 

named product is obtained by vacuum distillation* 

Step 3. Synthesis of 3-(N a -benzoyl-L-phenyl- 
alanylthio)-2-D-methylpropionic acid 
t-butyl ester. ; ' 

]q (A) (i) Preparation of active ester. A solution of 25 

mmoles of N a -benzoyl-L-Phe in redistilled ethyl acetate is 
cooled to -20°C in a methanol-ice-dry ice bath. The N a - 
benzoyl-L-Phe is prepared as described in Serial No* 128.953. 
e.g. by following the procedure of Carter et al.. 3. Biol * 

15 Chem. 138 , 627 (1941). To this solution is added 25 mmoles 
of N-etFTyl morpholine followed by 25 mmoles of isobutyl- 
chloroformate and the solution is stirred for several minutes 
at -15°C. 50 mmoles of N-hydroxysuccinimide is added and the 
resulting reaction mixture stirred for 1 1/2 hours at -15°C. 

20 (ii) Active ester method. The reaction mixture is slowly 
warmed to room temperature and 25 mmoles of 3-mercapto-2-D- 
methylpropionic acid t-butyl ester (from step 2) is added and 
then stirred until the reaction, as judged by thin layer 
chromatography, is completed. Ethyl acetate is added and the 

25 mixture cooled in an ice bath and acidified to pH 3 with 1 N 
HC1 . The organic phase is washed several times with cold 
water and cold saturated NaC1 . The organic phase is then 
dried over anhydrous MgSO^ and filtered. The solvent is 
removed with a rotary evaporator. The residue is crystal - 

30 lized from benzene-petroleum ether yielding the named prod- 
uct. 

(B) A solution of 25 mmoles of N a -benzoyl-L-Phe in 
tetrshydrofuran is added with stirring to 25.1 jnmoles of 
EDDQ. 25 mmoles of 3-mercapto-2-D-methylpropionic acid t-butyl 
35 ester is added. The resulting mixture is then stirred until 
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the reaction is completed, as judged by thin layer chroma- 
tography. The solvent i. removed with . ro tary evaporator. 
The product is crystallized from benzene-petroleum ether. 
Step 4. Synthesis of 3-<N'°-benzoyl-L-phenyl- 

alanylthio) -2-D-methvlpropionic acid . 

5 The product from step 3 is suspended in 4 ml of anisole 

,and reacted with 9 ml of TFA for 1 1/ 2 hours at room temper- 
ature with atirring TFA and anisole is removed with a 
rotary evaporator and then under high vacuum over NaOH and 
P 2°5 to yield the named product. 

Step 5. Synthesis of N a -[3-(N a -benzoyl-L-phenyl- 

30 al a nylthio)- 2-D-methvlp m p a novn-L- p"»?in, 

(A) A cool solution of 25 mmoles of DCC in dimethyl- 
fOrmamide (DHF) is added drop-wise to a mixture of 25 mmoles 
of the product from step 4 and 25 mmoles of N-hydroxysucci- 
nimide in DHF at 0-C. The reaction mixture ^ ^ ^ 

«nut.. at 0<»C and then overnignt afc ^ Crystalllne di c 
hexylurea is removed by filtration and the precipitate wa 8 hed 
wxth ethyl acetate. Solvents from the combined filtrates are 
removed under reduced pressure and the residue crystallized 
from benzene-hexane. The crystals are dissolved in cold THF 
and then this solution is added to a cold solution of 25 
mmoles of L-Pro and 25 mmoles of NaHCO. in THF/water. The 
reaction mixture is stirred overnight at room temperature. 
The THF 18 removed with a rotary evaporator at 35-C. Water 
as added to the mixture and the pH is adjusted to 9 using 
25 .-lad N8 HC0 3 . The aoueous phase is extracted with ethyl 

acetate. The aqueous phase is cooled in an ice bath and then 
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acadafaed to pH 2 using 1 N HC1 in the presence of ethyl 

HI T' ° rganiC Ph3Se " WaSh6d twiCe » ith co " water 

and then twace with saturated Nad. The organic phase is 

30 draed over anhydrous MgS0 4 and filtered. The solvent is 

removed with a rotary evaporator and the residue is crystal- 
lazed from ether-hexane yielding the named product. 

(B) (i) 25 mmoles of the product from step 4 is 
dissolved in ethyl acetate and cooled to 0«>c in an ice- 

and t7 " mm ° leS ° f 10 6thyl a " tate is a^d 

and the maxture stirred for 5 minutes at 0«C. To this 

solution is added 25 mmoles of L-proline t-butyl ester in 
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ethyl acetate. The reaction- mixture is stirred overnight at 
4°C. The reaction mixture is worked-up by addition of 10 ml 
of ethyl acetate and filtration. The precipitate is washed 
with 20 ml of ethyl acetate. The combined ethyl acetate 
5 fractions are chilled in a freezer. The organic phase is 
washed three times with saturated NaC1 , once with cold 0.1 N 
NaHCOj and three times with saturated NaC1 . The organic 
phase is dried with anhydrous MgSO^ and filtered. Solvent 
is removed with a rotary evaporator under high vacuum yield- 

10 ing a white residue. (ii) The residue is suspended in 4 ml 
of anisole and reacted with 8 ml of TFA for 1 1/2 hours at 
room temperature with stirring. TFA is removed with a rotary 
evaporator under high vacuum. The residue is dissolved in 1 
ml of tetrahydrofuran (THF) and chromatographed. The desired 

15. fractions are evaporated to dryness, dissolved in a small 
amount of isopropanol and rechromatographed. The desired 
fractions yielding an oil are dissolved in THF and then the 
THF is evaporated under a stream of N ? . The product is 
obtained after removing the remaining solvent with a rotary 

20 evaporator under high vacuum. 

XXVII 

Step 1. Synthesis of 3-(N a -Bpoc-L-phenyl- 

alsnyl thio ) -2-D-methylpropionic 
acid t -butyl ester. — 

N a -Bpoc-L-Phe is synthesized by following the procedure 
described by Sieber et al., Helv.Chera. Acta 51 , 614 (1968). 
3-mercapto-2-t>-methylpropionic acid t-butyl elTEer is prepared 
25 as described in Method II steps 1 and 1* The named product 
is prepared by substituting N c -Bpoc-L-Phe for the N°-Bz-L-Phe 
in Method II step 3(A) and substantially following the pro- 
cedure described therein,. 

Step 2. Synthesis of the triflu'oroacetate salt 

of 3-ti~phenylBlanyltfrio)-2-p-methyl- . 

30 . propionic acid t -butyl* *ester V 

The product from step 1 is dissolved in methylene 

chloride containing 0.5S TFA and stirred for 10 minutes. The 

methylene chloride and excess TFA are removed with a rotary 

evaporator to yield the named product. . 
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Step 3. Synthesis of 3-( N a -benzoyl-L-phenyl - 
alanylthio)-2-D-methylpropionic acid 
_ t-butyl ester. ' 

15 mmoles of the product from step 2 is suspended in 
ethyl acetate v/ith vigorous stirring. Then 15 mmoles of 
benzoyl chloride at room temperature is added. To this 
5 mixture is added drop-wise a solution of 32 mmoles of 

NaHCOj in water and the resulting mixture stirred vigorously 
for another 30 minutes. The mixture is then cooled in an ice 
bath for another 30 minutes. Ethyl acetate is added to the 
mixture. The mixture is cooled in an ice bath and washed 
10 with water, with 1 N citric acid and then several tiroes with 
saturated NaC1 . The solvent is removed with a rotary evap- 
orator after drying over anhydrous MgSO^ to yield the named 
product. 

Step 4. Synthesis of 3-(N a -benzoyl-L-phenyl- 
' alanylthio ) -2-D-methylpropionic acid . 

15 The t-butyl group is removed from the product of step 3 

by following the procedure described in Method II step 4 to 

yield the named product. 

Step 5. Synthesis of N a -[3-(N a -benzoyl-L- 

phenylalanylthio)-2-D-methyl- 
propanoyl] ^-proline. • 

The named product is prepared by following the proce- 

20 dure described in Method II step 5. 

XXVIII 

Step 1. Synthesis of 3-mercapto-2-D-methyl- 
' propionic acid. : • ■ 

The named product is obtained by following the procedure 

described in Method II step 2 and substituting 3-benzoylthio- 

2-D-methylpropionic acid for its t-butyl ester therein. 

Step 2. Synthesis of 3-(N°-Boc-L-phenylalanyl- 
25 thio)-2-D-methylpropionic acid. 

By substituting N a -Boc-L-Phe for the N a -Bz-L-Phe and 
the product from step 1 for the 3-mercapto-2-Drmethylprop- 
ionic acid t-butyl ester in Method II, step 3(A) and sub- 
stantially following the procedure described therein, the 
30 named product is obtained. 

Step 3. Synthesis of the tri fluoroacetate salt of 
3-L-phenylalanylthio-2-D-methylprop- 
"ionic* acid " 
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The product from step T is- suspended in 4 ml of anisole 
■and reacted with 8 ml of TFA for 1 1/2 hours at room temper- 
ature with stirring. The anisole and excess TFA are removed 
with a rotary evaporator to yield the named product* 

Step 4. Synthesis of 3-<N?-benzoyl-L;-phenyI- 
al any It hi o) -2 -D-rtettiyl propionic acid . 

By substituting the product from step 3 for the TFA salt 

of 3-L-phenylalanylthio-2-D*methylpropionic acid t-butyl ester 

in Method III, step 3 and substantially following the procedure 

described therein, the named product is obtained. 

Step 5. Synthesis of N°-[3-(N 0 -benzoyl-L-phenyl- 

alanylthio)^2-D-methylpropanoyl)-t -proline . 

The named product is obtained by following the procedure 

described in Method II step 5. 

XXIX 

Step 1. Synthesis of. 3-(N?-Bpbc-L-phenyl- 
' • alanylthio)-2-D-methylpropionic acid . 

The named compound is prepared by following the pro- 
cedure described in Method III step 1 and substituting 3-raer- 
capto-2-D-methylpropionic acid (prepared as described in 
Method V step 1) for its t-butyl ester therein* 

Step 2. Synthesis of N a -[3-(N a -Bpoc-L-phenyl- 

alanyltbio)-2-D-raethylpropanoylJ-L- 
proline t-butyl ester.- ' 

A cool solution of 10 mmoles of DCC in DMF and also 
containing 10 mmoles of 1 -hydroxybenzotriazole is added drop- 
wise to a mixture of 10 mmoles of the product from step 1 and 
10 mmoles of L-proline t-butyl ester in DMF* The reaction 
mixture is stirred for 30 minutes at 0°C and then overnight 
at 4°C. Crystalline dicyclohexylurea is removed by filtra- 
tion and the precipitate is washed with ethyl acetate. Sol- 
vents from the combined filtrates are removed under pressure 
and the residue is crystallized from ether-hexane to yield 
the named product. 

Step 3. Synthesis of the tri fluoroa'cetate salt 

of N?-[3-L-phenylalanylthio-2-D-methyl- 

" " p rdp a no yl];- L -proline t-butyl 1 ester." ' ' ' * 

The named product is obtained by following the procedure 
described in Method III step 2 and substituting the product 
.of step 1 for the: 3-(N?.*-Bpoc-L-phenylalanylthioO:-2-D-methyl- 
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propionic acid t-butyl ester therein. 

Step 4. Synthesis of N fl -[3-(N a -benzoyl-L- 

phen7lalan.ylthio)-2-D-methyl- 
propanoyl 3-l=proline t-butyl ester . 

By substituting the product from step 3 for the TFA 

salt of 3-L^phenylalanylthio-2-D-methylpropionic acid t-butyl 

5 ester in Method III, step 3 and substantially following the 

procedure described therein, the named product is prepared. 

Step 5. Synthesis of N 0 -P- N°(-benzoyl-l- 

phenylalanyl)-2-D-methyl- 
propanoyl 3 -L -proline, 

The named product is prepared by following the pro- 
cedure described in Method II, step 5(B)(ii). 

XXX 

Step 1. Synthesis of N a -[.3-(N a -Boc-L-phenyl- 
10 alanylthio)-2-D-methylpropanoyl]-L- 
proline. ' • • 

3-(N°-Boc-L-phenylalanylthio)-2-0-methylpropiofric acid 
is prepared as described in Method V, step 2. This product 
is substituted for the 3-(N a -benzoyl-L-phenylalanylthio)-2-0- 
methylpropionic acid in Method II step 5(A) and the procedure 
35. described therein is substantially followed to produce the 
named compound. 

Step 2. Synthesis of the trifluoroaeetate salt 

of N -C3-L-phenylalanylthio-2-D-methyl- 
propanoyl 3-L-proline. 

The named product is prepared by following the pro- 
cedure described in Method V, step 3. 

Step 3. Synthesis of N a -[3-(N°-benzoyl-L- 

20 P nen ylalanylthio)-2-D-methylpropanoyl3- 
l-proline. ■ 

By substituting the product from step 2 for the TFA salt 
of 3-L-phenylalanylthio-2-D-methylpropionic acid t-butyl 
ester in Method III, step 3 and substantially following the 
procedure described therein, the named product is obtained. 

25 While the invention has been, described in connection 

with specific embodiments thereof, it will be understood that • 
it is capable of further modifications and this application is 
intended to cover any variations, uses; or adaptations of the 
invention following, in general, the principles of the 

30 invention and including such departures from the present 
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disclosure as come within ktoown* or customary practice within 
the art to which the invention pertains and as may be applied 
to the essential features hereinbefore set forth, and as 
follows in the scope of the appended claims. 
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CLAIMS 



1. A method for preparing a compound having the formula: 



0 

II 

R - A - S - (CH 2 ) n - CH - C - R 2 

R 1 

wherein 

R is hydrogen, t-but yloxycarbonyl , cyclopentanecarbonyl- 
L-lysyl, pyro-L-glutanyl-L-lysyl, L-lysyl, L-arginyl, pyro-L- 
glutamyl or R ' , where R ' is formyl, acetyl, propanoyl, buta- 
noyl, phenylacetyl , pheny l.Dropanoyl benzoyl or cyclopentane- 
carbonyl ; 

A is phenylalanyl, alanyl, tryptophyl, tyrosyl, glycyl, 
isoleucyl, leucyl, histidyl, or valyl, the a-amino group 
thereof being in amide linkage with R: 

R 1 is hydrogen or methyl; 

R 2 is L-proline, L-3 ,4-dehydroproline, D,L-3,4-dehydro- 
proline, L-3-hydroxyproline, L-4-hydroxyproline, L-thiazoli- 
dine-4-carboxylic acid, or L-5-oxo-proline, the imino group 
thereof being imide linkage with the adjacent j! ; and 

Rj is an acid sensitive amino protecting group; 
R 4 is a photosensitive amino protecting group; 
n is 0 or 1, such that when n is 0, R 1 is methyl; and 
where n=1 and R 1 is methyl, the -CH 2 -CH- moiety is in the 

CH 3 

D-configuration, selected from the group consisting of: 
I. a method comprising the steps of 

(A) reacting a compound having the formula R-A with an 
aryl thiol or alkyl thiol in the presence of a coupling agent,- 
with the proviso that when R is ft ' and A is an amino acid in 
either the D- or L- form in the compound prepared by this 
process, R is R 3 in the compound R-A and step (B) is per- 
formed , 

(B) removing the R 3 protecting group from the product 
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of step (A) and reacting the resulting A-S aryT or alkyl 
ester with an R' coupling compound, 

(C) reacting the product of step (A) or- (B) with 
alkali metal hydrogen sulfide or H 2 S to produce a compound 
having the formula R-A-SH, 

(D) reacting the product of step (C) with acrylic acid 

or methacrylic acid to produce a compound having the formula 
0 

R_A-S-CH 2 -CH-£-0H, wherein. is hydrogen or methyl, 
*1 

respectively, with the proviso that when R^ is methyl 9 step 
(E) is performed, 

(E) resolving the product of step (D) to produce a 
compound in which -CH 2 -CH- is in the D- configuration, 

(F) coupling the product of stefp (0) or '(E) with R^f 
II* a method comprising the steps of 

(A) reacting a compound having the formula R-A with 
an arylthiol or alkylthiol in the presence of a coupling 
agent , 

(B) reacting the product of step (A) with alkali metal 
hydrogen sulfide or H^S to produce a compound having the 
formula R-A-SH; 

(C) reacting the product of step (B) with acrylic acid 
or methacrylic acid to produce a compound having the formula 

ft-A-S-CH^CH-t-OH, wherein Rj is hydrogen or methyl, 

respectively, with the proviso that when R^j is hydrogen, step 
(D) is not performed, 

(0) resolving the product of step (C) to produce a 
compound in which -CH 2 -CH- is in: the D-configuration, 

k i 

(E) coupling the product of step (C) or (D) with R 2 , 

(F) removing the R^ protecting group and reacting the 
resulting product with arr R 1 coupling compound to produce a 

-fH-C-OH, 
l 1 

and A is an amino acid in. the 0- or L-form in the compound 
prepared by this process and R ie R 3 irr compound R-Aj 



compound having the formula -R f -A-S-CH 0 -jjH-C-QH f when- R is -R 1 
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III. a method comprising the steps of 

(A) reacting a compound having the formula R-A with 
pentachlorophenoi , penta f luorophenol or N-hydroxysuccininide , 
with the proviso that when R is -R r and A is an amino acid in 
the D- or L- form in the compound prepared by this process, R 
is Rj in compound R-A and steps (B) and (C) are performed, 

(B) removing the protecting group from the product 
of step (A), 

(C) reacting the product from step (B) with an -R f 
coupling compound, 

(D) reacting the product from step lA) or (C) with a 
compound having the formula HS^(CH 2 ) n -CH-C-OH, with the 

proviso that when n is 1 and is methyl, step (E) is 
performed , 

(E) resolving the product of step (D) to produce a 
compound in which -(CH 2 ) n -CH- is in the D-conf iguration , 

*1 

(F) coupling the product of step (D) or (E) with R ; 

IV. a method comprising the steps of ^ 

(A) reacting a compound having the formula R-A with 
H 2 S to produce a compound having the formula R-A-SH, 

(B) reacting the product of step (A) with acrylic acid 
or methacrylic acid to produce a compound having the formula 

II 

R-A-S-CH 2 -CH-C-OH, wherein R 1 is hydrogen or methyl, 
ft 1 

respectively, with the proviso that when R 1 is methyl, step 
(C) is performed, 

(C) resolving the product of step (B) to produce a com- 
pound in which -CH 2 -CH- is in the D- configuration, 

(D) coupling the product of step (B) or (C) with R ; 

V. a method comprising the steps of 

(A) coupling R 2 to acrylic acid, methacrylic acid, or an 
active derivative thereof, to produce a compound having the 

formula H 2 C=C-E-R 2 , wherein R 1 is hydrogen or methyl , 
respectively, 
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(B) reacting the product of step (A) with R-A-SH, with 
the proviso that when R,, is methyl step (C) is performed, 

(C) resolving the product of step (B) to produce a 
compound in which -CH.-CH- is in the D- configuration, 

fc l 

VI, a method comprising the steps of 

(A) reacting A with an R coupling compound to produce a 
compound having the formula R-A ? 

(B) reacting thioacetic acid with acrylic acid or 
methacrylic acid and then removing the acetyl group from the 
resulting product, 

(C) reacting the product from step (A) with the product 

of step (B) to produce a compound having the formula 

P 

a 

r-A-S-CH 2 -CH-C-QH, wherein R T is hydrogerr or methyl, with the 

proviso that when is methyl step (D) is performed, 

(D) resolving the product of step (C) to produce a 
compound which -CH 2 -CH- is in the D- configuration, 

(E) coupling the product of step (C) or (D) with R^i 

VII. a method comprising the steps of 

(A) reacting a compound having the formula R-A with an 
arylthio or alkylthiol in the presence of a coupling agent, 
with the proviso that when R is fl' and A is an amino acid in 
the D- or L-form in the compouod prepared by this process, R 
is Rj in compound R-A, R^ is removed after reacting said 
thiol with R-A, and the resulting product is reacted with an 
<R' coupling compound, 

(B) reacting the product of step (A) with alkali metal 
hydrogen sulfide or H 2 S to produce a compound having the 
formula R-A-SH , 

(C) reacting the product of step (B) with acrylic acid 
or methacrylic acid to produce a compound having the formula* 

R-A-5-CH 2 -^H-2-OH,whereirr is hydrogen or methyl, 

respectively, with the proviso that when R^ is methyl, step 
(D) is performed, 
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(D) resolving the product of step (C) to produce a com- 
pound in which -CH -CH- is in the 0- configuration, 

(E) coupling the product of step (C) or (D) with K ? ; 
VIII. a method comprising the steps of 

(A) reacting a compound having the formula R-A with an 
arylthiol or alkylthiol in the presence of a coupling agent, 

(B) reacting the product of step (A) with alkali metal 
hydrogen sulfide or H 2 S to produce a compound having the 
formula R-A-SH, 

(C) reacting the product of step (B) with acrylic acid 

or methacrylic acid to produce a compound having the formula 

0 
u 

R_A-S-CH 2 -CH-C-0H wherein R^ is hydrogen or methyl, respect- 

Y 

ively, with the proviso that when- R,j is methyl step (D) is 
performed , 

(D) resolving the product of step (C) to produce a 
compound in which -CH 2 -CH- is in the D-configuration, 

(E) removing the Rj protecting group and reacting the 
resulting product with a benzoyl coupling compound to pro- 

duce a compound having the formula R 1 -A-S-Cf^-CH-fc-OH, when R 
is R' and A is an amino acid in the D- or L- form in the 
compound prepared by this process and R is R 3 in compound R-A, 
(F) coupling the product of step (C), (D) or (E) ivith R ; 

IX. a method comprising the steps of 

(A) reacting A with an R coupling compound to produce 
a compound having the formula R-A, 

(B) reacting the product of step (A) with a compound 

?1 0 

having the formula HS-(CH 2 ) a -CH-fc-0H, with the proviso that 
when n is 1 and is methyl step (C) is performed, 

(C) resolving the product of step (B) to produce a 

compound in which -(CH^-CH- is in the 0- configuration-, 

(D) coupling the product of step (B) or (C) with R 

X. a method comprising the steps of 
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(A) reacting a compound having the formula R^-A with a 

?1 0 

compound having the fornula HS-(CH 2 ) n -CH-C-OH, with the 
proviso that when n is 1 and R 5 is methyl, step (B) is per- 
formed, 

(B) resolving the product of step (A) to produce a com- 

ri. 

pound in which -(CH 2 > n -CH- is in the D- configuration, 

(E) coupling the product of step (A) or (B) with R 2 , 

(D) removing the R^ protecting group from the product 
of step (C) by irradiation, 

(E) reacting the product of step (D) with an R coupling 
compound, 

XI. a method comprising the steps of 

(A) reacting, a compound, having the formula Rj-A with 

Ti 9 

HS-(CH 0 ) -CH-C-OH, with the proviso that when n is 1 and 

Z n * 

is methyl, step (B) is performed, 

(B) resolving the product of step (A) to produce a com- 

?i 

pound in which -(CH 2 ) n «CH- is in the D- configuration, 

(C) coupling the product of atep (A) or (B) with R 2 , 

(D) removing the Rj protecting group from the product of 
step (C), 

(E) reacting the product of step (D) with an R coupling 
compound; 

XII. a method comprising the- steps of 

(A) reacting a compound having the formula 
0 fl 0 

HjC-C-S-(CH 2 ) n -CH-fc-0H with 2-methylpropene and then removing 
the acetyl group from the resulting product, 

(B) reacting the product of step (A) with a compound 
having the formula R-A to produce a compound having the for- 

ho 

mula R-A-S-(CH 2 ) n -CH:-t-0C(CH 3 ) 3 , 

(C) removing the t-butyl group from the product of step 
(B), with the proviso that when, rr is 1 and is methyl step 
(D) is performed, 

(D) resolving the product of step (C) to produce a 
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compound in which. -(CH^-CH- is in the D- configuration, 
(E) coupling the product of step (C) or (D) with R 2 , 
XIII. a method comprising the steps of 

(A) reacting a compound having the formula 

8 Fi o 

H 3 C-C-S-(CH 2 ) n -CH-C-0H with 2-meth ylpropene and then remov- 
ing the acetyl group from the resulting product, 

(B) reacting the product of step (A) with a compound 
having the formula R-A to produce a compound having the for- 

?i o 

mula R-A-S-(CH 2 ) n -CH-C-0-C(CH 3 ) 3 wherein R is R ? or R^ , 

(C) removing the R-j or R^ protecting group from the 
product of step (B) , 

(D) reacting the product of step (C) with an R coupling 
compound, 

(E) removing the t-butyl group from the product of step 
(D), with the proviso that when n is 1 and R,, is methyl step 
(F) is performed, 

(F) resolving the product of step (E) to produce a com- 

h 

pound in which -(CH^-CH- is in the D- configuration, 

(G) coupling the product of step (E) or (F) with R 
XIV. a method comprising the steps of * 

(A) reacting a compound having the formula R-A, wherein 
R is R ? or R 4 , with a compound selected from the group con- 
sisting of N-hydroxysuccinimide, p-nitrophenol , o-nitrophenol , 
N-hydroxybenzotriazole, pentachlorophenol , pentafluorophenol 
and N-hydroxy-5-norbenen-2,3-dicarboximide, and the resulting 
product is reacted with alkali metal hydrogen sulfide or H S 
to produce a compound having the formula R-A-SH, * 

(B) reacting the product of step (A) with acrylic acid 
or methacrylic acid to produce a compound having the formula 

Ti o 

R-A-S-CH 2 -CH-C-OH wherein R 1 is hydrogen or methyl, respec- 
tively, with the proviso that when n is 1 and R is methyl, 
step (C) is performed, 

(C) resolving the product of step (B) to produce a 
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f' 

compound in which -CH^-CH- is in the D- configuration, 

(D) coupling the product of step (B) or (C) with R^, 

(E) removing the R-j or R^ protecting group from the 
product of step (0), 

(F) reacting the product of step (E) with an R .coupling 
compound ; 

XV. a method comprising the steps of 

(A) coupling R. to acrylic acid or methacrylic acid to 

produce a compound having the formula H 2 C=C — C-R 2 » 

(B) reacting a compound having the formula R-A, where- 
in R is Rj or R^, with a compound selected from the group con- 
sisting of N-hydroxysuccinimide, p-nitrophenol, o-nitrophenol , 
N-hydroxybe.nzotriazole , N-hydroxy-5-norbor.nene-2,3— dicarbox- 
imide, perTtachlorophenol or pentaf luarophenol , and the result- 
ing product is reacted with alkali metal hydrogen sulfide or 
H^S to produce a compound having the formula R-A-SH, 

(C) reacting the product of step (B) with the product 
of step (B) 

(D) removing the Rj or R^ protecting group from the 
product of step (C), 

(E) reacting the product of step (D) with an R coupling 
compound to produce a compound having the formula 

h 0 

R-A-S-CH 2 -CH-fc-R 2 wherein R is hydrogen or methyl with the 
proviso that when R^ is methyl, step (F) is performed, 

(F) resolving the product of step (E) to produce a 

compound in which -CH 2 -CH- is in. the D- configuration; 

XVI. a method comprising the steps of 

(A) coupling R 2 to a compound having the formula 

9 I 1 0 

H-C-C^CH.) -CH-t-OH, 

(B) removing the acetyl group from the product of step 
(A) to produce a compound having the formula 

fl .0 

HS-(CH 2 ) n -CH-fc-R 2 wherein R 1 is hydrogen or methyl, with the 
proviso that when n is 1 and R 1 is methyl, step (C) is per- 
formed, 
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(C) resolving the product of step (B) to produce a com- 

h 

pound in which -(CH^-CH- is in the D- configuration, 

(D) reacting the product of step (D) or (C) with a 
compound having the formula R-A; 

XVII, a method comprising the steps of 

(A) coupling a compound having the formula R3-R.2 to a 
solid phase resin capable of reacting with R 2 , and removing 
the protecting group from the resulting complex, 

(B) coupling a compound having the formula 

?1 0 

R-A-S-(CH 2 ) n -CH-£-0H to the R 2 -resin complex of step (A), 

(C) cleaving the resulting complex of step (B) to 

*1 0 

produce a compound having the formula R-A-S-(CH 2 ) n -CH-fc-R 2 , 
wherein R 1 is hydrogen or methyl, with the proviso that when 
n is 1 and R 1 is methyl, step (D) is performed, 

(D) resolving the product of step (C) to produce a com- 

pound in which -(CH 2 > n -CH- is in the D- configuration; 
XVIII. a method comprising the steps of 

(A) coupling a compound having the formula R 3 -R 2 to a 
solid phase resin capable of reacting with Rj, and removing 
the R 3 protecting group from the resulting complex, 

(B) coupling a compound having the formula 

Cbo-S-(CH 2 ) n -(iH-e-0H to the R 2 -resin complex of step (A) and 



removing the Cbo group from the resulting complex, 

*3 



(C) coupling a compound having the formula R,-A to the 



complex of step (B) . 

(D) removing the R 3 protecting group from the complex of 
step (C), 

(E) coupling an R coupling compound to the complex of 
step (D), 

(F) cleaving the complex of step (E) to produce a 

R 1 0 

compound having the formula R-A-S-(CH 2 ) n -(:H-fc-R 2 , wherein- R. . 
is hydrogen or methyl, with the proviso that when n is 1 and R 



1 
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is methyl, step (G) is performed, 

(G) resolving the product of step (F) to produce a 

h 

compound in which -(CH 2 ) n .-CH- is in D- configuration; 
XIX* s method comprising the steps of 

(A) reacting a compound having the formula A-thio ester 
with H 2 S to produce a compound having the formula A-SH, 

(B) reacting the product of step (A) with acrylic acid 
or methacrylic acid to produce a compound having the formula 

?10 

A-S-CH 2 -CH-fc-QH wherein is hydrogen or methyl, respectively, 
with the proviso that when R 1 is methyl, step (C) is performed, 

(C) resolving the product of step (B) to produce a com- 

pound in which -CH^-CH- is in. the D- configuration, 

(D) reacting the product of step *(B) or '(C) with an R 
coupling compound, 

(E) coupling to the product of step (D); 

XX, a method comprising the steps of 

(A) reacting a compound having the formula R-A-SH with 

a compound having the formula X-(CH 2 ) rt -CH-u-OH, wherein X is 
bromo, chloro or iodo, 

(B) coupling R 2 to the product of step (A) to produce a 

h P 

compound having the formula R-A-S-(CH 2 ) n -CH-C-R 2 wherein R^ 
is hydrogen or methyl, with the proviso that when n is 1 and 
is methyl, step (C) is performed, 

(C) resolving the product of step (B) to produce a 

?1 : 

compound in which -(CH 2 ) n «-CH- is in the D- configuration; 

XXI. a method comprising the steps of 

(A) reacting a compound having the formula R^-SH 
with acrylic acid or methacrylic acid to produce, a compound 

Pi g 

having the formula Rj-S-CHj-CH-C-OH, wherein R^j is hydrogen 
or methyl, respectively, with the proviso that when is 
methyl, step (B) is performed, 

(B) resolving the product of step (A) to produce a 

. ?i 

compound in which -CH 2 -CH- is in: the D- conf iguratxon, 
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(C) coupling R £ to the product of step (A) or (B), 
(0) removing the R ? protecting group from the product 
of step (C), 

(E) reacting the product of step (D) with a compound 
having the formula R-A; 

XXII. a method comprising the steps of 

(A) reacting a compound having the formula A-SH with 
acrylic acid or methacryiic acid, 

(B) reacting the product of step (A) with an R coupling 
compound to produce a compound having the formula 

?1 Q 

R-A-S-CH 2 -CH-f:-0H, wherein is hydrogen or methyl, with the 
proviso that when is methyl, step (C) is performed, 

(C) resolving the product of step (B) to produce a 

b 

compound in- which -CH 2 -CH- is in- the 0- configuration, 

(D) coupling R 2 to the product of step (B) or (C); 
XXIII. a method comprising the steps of 

(A) reacting a compound having the formula 
P ?1 0 

H 3 C-C-S-(CH 2 ) n -CH-li-0H with an o-nitrobenzyl alcohol to 

produce a compound having the formula 

? | R 1 J N £ - 

H 3 C-C-S-(CH 2 ) n -CH-C-0-CH 2 ./55, wherei " R 1 hydrogen or 
methyl, with the proviso that when n is 1 and R is methyl, 
step (B) is performed, 

(B) resolving the product of step (A) to produce a com- 

|1 

pound in which -(CH^-CH- is in the D- configuration, 

(C) removing the o-nitrobenzyl group from the product 
of step (A) or (B) by irradiation, 

(D) coupling R 2 to the product of step (C), 

(E) removing the acetyl group from the product of step 

(D), 

(F) reacting the product of step (E) with a compound 
having the formula R-A; 

XXIV. a method comprising the steps of 
(A) reacting a compound having the formula 
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H_N" -(CH„) -CH-C-OH, wherein FL is hydrogen or methyl, 

2 2 n J • ■ 

with H-X, wherein X is bromine or chlorine to produce a 

fl 0 

compound having the formula X-'CH 2 ) n -CH-fc-0H, with the 
proviso that when n is 1 and is iaethyl , the starting com- 

V 

pound is resolved to produce a compound in which -(CH^^-CH- 
is in the D- configuration-.prior to reaction with H-X, 

(B) reacting the product of step (A) with a compound 
having the formula R-A-SH, 

(C) coupling R 2 to the product of step (B); 

XXV. a method comprising the steps of 

(A) reacting a compound having the formula 

fl 0 • 

H„N -(CH n ) -CH-fc-OH*, wherein- R-.is hy'drogeir or methyl, with 

2 2 n I * 

H-X, wherein X is bromine or chlorine, to produce a compound 

having the formula X-(CH 2 ) n -CH-C-0H, with the proviso that 
when n is 1 and R. is methyl, the starting compound is res- 

, ?i 

olved to produce a compound in which -(CH 2 ) n -CH- is in the 
0- configuration prior to reaction with H-X, 

(B) reacting the product of step (A) with thiobenzoic 
acid or thioacatic acid, 

(C) removing the benzoyl or acetyl group from the 
product of step (B), 

(D) reacting the product of step (C) with a compound 
having the formula R-A, 

(E) coupling R 2 to the product of step (0). 

XXVI. a. method comprising the steps of 

(A) reacting a compound having the formula 
?1 0 

H0-(CH 2 ) n -CH-C-0H, wherein is hydrogen or methyl, with 
PBrj, to produce a compound having the formula 

fir-(CH 2 ) n -CH-C-0H, with the proviao that when n is 1 and R 1 
is methyl, the starting compound i a resolved to produce a 

pi 

compound in which -(CH-) -CH- is in. the D- configuration 

2 ft • ' 
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prior to reaction with PSr^, 

(B) reacting the product of step (A) with a compound 
having the formula R-A-SH, 

(C) coupling to the product of step (B). 

XXVII a method comprising the steps of 

(A) reacting 3-benzoyl thio-2-D-methylpropionic acid 
with 2-methylpropene to produce 3-benzoyl thio-2-D-methyl - 
propionic acid t-butyl ester, ■ 

(B) removing the benzoyl group from the product of 
step (A), 

(C) reacting the product of step (B) with a compound 
R(or R f )-A to produce a compound having the formula 
3-[R(or R ' ) -A ] t hi o-2-D -methyl propionic acid t-butyl ester, 

(D) removing the t-butyl ester group from the product 
of step (C), 

(E) coupling the product of step (D) with R 2# 

XXVIII a method comprising the steps of 

(A) reacting 3-mercapto-2-D-methylpropionic acid t- 
butyl ester with a compound having the formula R 3 -A to 

•produce a compound having the formula 3-(R 3 -A)thio-2-D- 
methylpropionic acid t-butyl ester, 

(B) removing the R ? protecting group from the product 
of step (A), 

(C) reacting the product of step (B) with an R or fl f 
coupling compound to produce a compound having the formula 
3-[R(or r , )-A]thio-2-D-methylpropionic acid t-butyl ester, 

(D) removing the t-butyl ester group from the product 
of step (C), 

(E) coupling the product of step (D) with R 2 ; 
XXIX. a method comprising the steps of 

(A) removing the benzoyl group from 3-benzoyl thio-2-D- 
methylpropionic, acid, 

(B) reacting the product of step (A) with a compound 
having the formula Rj-A to produce a compound having the 
formula 3-(R 3 -A)thio-2-D-methylpropionic acid, 

(C) removing the R ? protecting group from the product 
of step (B), 

(D) reacting the product of step (C) wit* an ft or -R • 
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coupling compound to produce a compound having the formula 
3-[R(orR f )-A]thio-2-D-methylpropionie acid, 

(E) coupling the product of step (D) with R 2 ; 

XXX. a method comprising the steps of 

(A) reacting 3-mercapto-2-D-methylpropion*ic acid with a 
compound having the formula R^-A to produce a compound 
having the formula 3-(R 3 -A)thio-2-D-methylpxopionic acid, 

(B) coupling the product, of step (A) with R 2 , 

(C) removing the R-j protecting group from the product 
of step (B), 

(D) reacting the product of step (C) with an R or R f 
coupling compound; and 

XXXI* a method comprising the steps 

(A) coupling a compound having the formula 3-(R 2 -A) 
thio-2-D-methylpropionic acid with Tt^, • 

(B) removing the Rj protecting group from the product ^ 
of step (A), 

(C) reacting the product of step (B) with an R or fi 1 
coupling compound. 

2. The method of claim 1. wherein R is benzoyl, A is 
phenylalanyl , R,j is methyl, R 2 is L-proline and n is 1 • 

3. The method of claim 1 wherein method IV is selected 
and step (A) includes the proviso that when R is fl* and the 
amino acid is in the D- or L- form in the compound prepared 
by this process, R is R^ in compound R-A, and the Rj pro- 
tecting group is removed from R-A-SH and the resulting A-SH 
is reacted with an ft' coupling compound prior to step (B). 

4. The method of claim 1. wherein method VII is selected 
and step (B) includes the proviso that when R is fl 1 and the 
amino acid is in the D- or U form in the compound prepared 
by this process, R is in compound R-A, and the R-j pro- 
tecting group is removed from the compound having the 

■ " fl 0 - - 
formula R-A-S-CH 2 ~CH-£-0H, artf prior to step (E) the product 

of step (D) is reacted with. an:-R 9 coupling compound. 

5. A compound having the first formula given in claim 1 
when prepared by the method of any of claims 1-4. 

6. The compound of claim 5 for use as. an inhibitar of 
arrgiotenBirr converting enzyme. 
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